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TEST REPORT
IEC 61215-series:2021

TUV SUD Test Report for Terrestrial photovoltaic (PV) modules — Design qualification and type

approval

Report No.:
Date of issue:

Project handler:

704062300251-00 part 1 of 2
2023-10-15
Xiaoguang Song

Testing laboratory:
Address:

Testing location:

TUV SUD Certification and Testing (China) Co., Ltd.

No.151 Heng Tong Road, Shanghai 200070, P. R. China

Changzhou HuaYang Inspection and Testing Technology Co., Ltd
NO.8 Lanxiang Road, Wujin Economic Development Zone, Changzhou,

Jiangsu, China

Client:

Client number:
Address:

Contact person:

Risen Energy Co., Ltd.

82429

Meilin, Ninghai, 315609 Ningbo, Zhejiang, PEOPLE’S REPUBLIC OF
CHINA

Shubo Yang

Standard:

This TUV SUD test report form is based on the following requirements:
X IEC 61215-1:2021

IEC 61215-2:2021

X IEC 61215-1-1:2021

OO IEC 61215-1-2:2021

0 IEC 61215-1-3:2021

0 IEC 61215-1-4:2021

TRF number and revision:

IEC61215:2021, rev. 1

TRF originated by:

TUV SUD Product Service, Mr. Bo Xiangxi

Copyright blank test report:

This test report is based on the content of the standard (see above). The test report considered
selected clauses of the a.m. standard(s) and experience gained with product testing. It was
prepared by TUV SUD Product Service.

TUV SUD Group takes no responsibility for and will not assume liability for damages resulting from
the reader’s interpretation of the reproduced material due to its placement and context.

General disclaimer:

This test report may only be quoted in full. Any use for advertising purposes must be granted in
writing. This report is the result of a single examination of the object in question and is not
generally applicable evaluation of the quality of other products in regular production.

Scheme: X TUV Mark [] without certification
[] GS Mark ] NRTL Mark [ ] EU-Directive
Non-standard test method: X No [] Yes, see details under Summary of testing
National deviations: N/A
Number of pages (Report): 74
Number of pages (Attachments): | N/A
Xiaoguang Song Gang Huang
Compiled by: FA— Approved by: / s %,,#
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Page 2 of 74

Report No.: 704062300251-00 part 1 of 2 PrOOE Soc
Test sample: See page 5~6 of this report
Type of test object: Photovoltaic (PV) Module(s)
Trademark: 1 .
o risen
Model and/or type reference: See page 3~7 of this report
Rating(s): See page 3~7 of this report
Manufacturer: Risen Energy Co., Ltd.
Manufacturer number: 82429
Address: Meilin, Ninghai, 315609 Ningbo, Zhejiang, PEOPLE’S REPUBLIC OF
CHINA

Name and address of factory(ies)

Risen Energy (CHANGZHOU) Co., Ltd (101449)

No.1, Shuinan Road Industrial Concentration Area, Zhixi Town, Jintan District 213251 Changzhou City,
Jiangsu Province PEOPLE'S REPUBLIC OF CHINA

Risen Energy (YIWU) Co., Ltd (106291)
No0.599, Sufu Road Suxi Town 322000 Yiwu City, Zhejiang Province PEOPLE'S REPUBLIC OF CHINA
Risen Energy (Anhui) Co., Ltd (113068)

No0.325, East Tongling Road Economic and Technological Development Zone 239000 Chuzhou City, Anhui
Province PEOPLE'S REPUBLIC OF CHINA

Risen Energy (Ningbo) Co.,Ltd (115158)

No.1, Middle Xingke Road Ninghai County 315609 Ningbo City, Zhejiang Province PEOPLE'S REPUBLIC
OF CHINA

RISEN SOLAR TECHNOLOGY SDN BHD (115943)

NO 3, JALAN HI-TECH 14, ZONE INDUSTRI FASA 4 KULIM HI-TECH PARK 09090 KULIM, KEDAH
DARUL AMAN MALAYSIA

Risen Energy (Baotou) Co., Ltd (119117)

Baotou Jinshan Industrial Park, Guyang County, Baotou City 014200 Inner Mongolia Autonomous Region
PEOPLE'S REPUBLIC OF CHINA

Risen Solar (Ningbo) Technology Co., Ltd (122858)

No. 5, Jinhai East Road, Binhai New Area Ninghai 315602 Ningbo City, Zhejiang Province PEOPLE'S
REPUBLIC OF CHINA

Sub-contractors/ tests (clause): N/A
Name: N/A

X] Complete test according to TRF

[] Partial test according to manufacturer's specifications

Order description: ] Preliminary test
[] Spot check
[] Others:

Date of order: 2023-10-16

Date of receipt of test item: 2023-01-18

Date(s) of performance of test: 2023-01-28/2023-04-30

Test Report IEC61215:2021
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Report No.: 704062300251-00 part 1 of 2

Test item particulars:
See below for details
Purpose of the product (Description of intended use):
The PV modules for electricity generation systems with max.voltage of 1500VDC
Characteristic data (not shown on the marking plate):
Product Electrical Ratings:
Monofacial Module:
Module type RSM144-10-575N | RSM144-10-580N | RSM144-10-585N | RSM144-10-590N
Voc [V]
ITolerance+3% 51.07 51.28 51.48 51.67
Vmp [V] 42.44 42.61 42.78 42.94
Imax [Adc] 13.57 13.63 13.70 13.76
Isc [Adc]
Tolerance+4% 14.40 14.45 14.51 14.57
Pmp [W]
/Tolerance+3% 575 580 85 =90
Maximum
system voltage 1500 1500 1500 1500
V]
Maximum
Over-Current
Protection 25 25 25 25
Rating [A]
Module type RSM144-10-595N | RSM144-10-600N | RSM144-10-605N | RSM144-10-610N
Voc [V]
Tolerance+3% 51.86 52.05 52.24 52.44
vmp [V] 43.10 43.25 43.41 43.56
Imax [Adc] 13.83 13.89 13.96 14.03
Isc [Adc]
Tolerance+4% 14.62 14.68 14.73 14.79
Pmp [W]
/Tolerance+3% 595 600 605 610
Maximum
system voltage 1500 1500 1500 1500
V]
Maximum
Over-Current
Protection 25 25 25 25
Rating [A]
Test Report IEC61215:2021
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Module type RSM144-10-615N | RSM120-10-480N | RSM120-10-485N | RSM120-10-490N
voc [V

Yoo o 52.63 42.48 42.69 42.90
vmp [V] 43.72 35.30 35.48 35.65
Imax [Adc] 14.09 13.62 13.70 13.77
Isc [Adc

,Tol[eran]ce+ % 14.85 14.46 14.52 14.59
Pmp [W]

/Tolerance+3% 615 480 485 490
Maximum

system voltage 1500 1500 1500 1500
\Y

Maximum

Over-Current

Protection 25 25 25 25
Rating [A]

Module type RSM120-10-495N | RSM120-10-500N | RSM120-10-505N | RSM108-10-430N
Voc [V]

Tolerances3% 43.11 43.32 43.52 38.17
vmp [V] 35.82 36.00 36.19 31.72
Imax [Adc] 13.84 13.92 13.98 13.58
Isc [A

e lAdel 14.65 14.72 14.78 14.41
Pmp [W]

/Tolerance+3% 495 500 505 430
Maximum

system voltage 1500 1500 1500 1500
\Y

Maximum

Over-Current

Protection 25 25 25 25
Rating [A]

Module type RSM108-10-435N | RSM108-10-440N | RSM108-10-445N | RSM108-10-450N
YoM o 38.39 38.61 38.83 39.03
Vmp [V] 31.90 32.08 32.27 32.43
Imax [Adc] 13.66 13.74 13.82 13.90
Isc [Adc] 14.49 14.56 14.63 14.70

/Tolerance+4%

ID: 154095

Test Report IEC61215:2021

Revision: 1 - released
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Pmp [W]

/Tolerance+3% 435 440 445 450
Maximum

system voltage 1500 1500 1500 1500
\Y|

Maximum

Over-Current

Protection 25 25 25 25
Rating [A]

Module type RSM108-10-455N | RSM108-10-460N | RSM144-9-555N | RSM144-9-560N
voc [V

YooVl o 39.23 39.43 51.17 51.37
vmp [V] 32.62 32.81 42.80 43.00
Imax [Adc] 13.97 14.04 12.99 13.04
Isc [Ad

e lAdel 14.77 14.84 13.83 13.89
Pmp [W]

/Tolerance+3% 455 460 595 560
Maximum

system voltage 1500 1500 1500 1500
\Y

Maximum

Over-Current

Protection 25 25 25 25
Rating [A]

Module t

odule type RSM144-9-565N | RSM144-9-570N | RSM144-9-575N | RSM144-9-580N
Voc [V

YoM o 51.57 51.77 51.97 52.17
vmp [V] 43.20 43.40 43.59 43.79
Imax {Adc] 13.10 13.15 13.21 13.26
Isc [Ad

el o 13.95 14.00 14.06 14.12
Pmp [W]

/Tolerance+3% 565 570 575 580
Maximum

[S\%Stem voltage 1500 1500 1500 1500

Test Report IEC61215:2021
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Report No.: 704062300251-00 part 1 of 2

Maximum

Over-Current

Protection 25 25 25 25

Rating [A]

Module t

odule type RSM144-9-585N | RSM144-9-590N | RSM120-9-460N | RSM120-9-465N

voc [V

YooV e 52.37 52.55 42.48 42.68

Vv

mp [V] 43.98 44.16 35.53 35.73

Imax [Adc] 1331 13.36 12.97 13.03

Isc [Ad

el o 14.18 14.24 13.80 13.87

Pmp [W]

/Tolerance+3% 585 590 460 465

Maximum

system voltage 1500 1500 1500 1500

\Y

Maximum

Over-Current

Protection 25 25 25 25

Rating [A]

Modul

odule type RSM120-9-470N | RSM120-9-475N | RSM120-9-480N | RSM120-9-485N

Voc [V

YoM o 42.88 43.08 43.28 43.48

Vv

mp [V] 35.92 36.11 36.31 36.50

Imax [Adc] 13.10 13.17 13.24 1331

Isc [Ad

el o 13.94 14.02 14.09 14.17

Pmp [W]

/Tolerance+3% 470 475 480 485

Maximum

system voltage 1500 1500 1500 1500

\Y|

Maximum

Over-Current

Protection 25 25 25 25

Rating [A]

Modul

odule type RSM120-9-490N | RSM108-9-415N | RSM108-9-420N | RSM108-9-425N
Test Report IEC61215:2021
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Report No.: 704062300251-00 part 1 of 2 Progi Semice
Voc [V]
[Tolerance+3% 43.68 38.67 38.87 39.07
vmp [V] 36.70 32.37 32.56 32.75
Imax [Adc] 13.37 12.84 12.92 13.00
Isc [Adc]
Tolerance+4% 14.23 13.70 13.78 13.86
Pmp [W]
/Tolerance+3% 490 415 420 425
Maximum
system voltage 1500 1500 1500 1500
\Y
Maximum
Over-Current
Protection 25 25 25 25
Rating [A]
Module type
RSM108-9-430N RSM108-9-435N RSM108-9-440N
Voc [V]
[Tolerance+3% 39.27 39.47 39.67
vmp [V] 32.95 33.15 33.34
Imax [Adc] 13.07 13.13 13.20
Isc [Adc]
Tolerance+4% 13.94 14.00 14.08
Pmp [W]
/Tolerance+3% 430 435 440
Maximum
system voltage 1500 1500 1500
\Y
Maximum
Over-Current
Protection 25 25 25
Rating [A]
Note: Further qualification for higher and/or lower output power see annex 3
Test Report IEC61215:2021
ID: 154095 Revision: 1 - released Effective:2021-06-01 Page 7 of 74
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Information for testing sample:

Sample # Sample Type/model Sample S/N Remark
Group ID

lteml
HA2023TL-0093-001X A RSM144-10-590N | 47162910893827 Control module
HA2023TL-0093-004X B RSM144-10-590N | 47162910893828
HA2023TL-0093-005X C1 RSM144-10-590N | 47162910893852 UV-DML-TC-HF
HA2023TL-0093-006X Cc2 RSM144-10-590N | 47162910893845 UV-DML-TC-HF
HA2023TL-0093-007X El RSM144-10-590N | 47193113397697 DH1000
HA2023TL-0093-008X E2 RSM144-10-590N | 47193113397698 DH1000
HA2023TL-0093-009X D1 RSM144-10-590N | 47162910893819 TC200
HA2023TL-0093-010X D2 RSM144-10-590N | 47162910893823 TC200
HA2023TL-0093-024X F1 RSM144-10-590N | 47162910893829 PID
HA2023TL-0093-025X F2 RSM144-10-590N | 47162910893830 PID
HA2023TL-0093-026X F3 RSM144-10-590N | 47162910893831 PID
HA2023TL-0093-027X F4 RSM144-10-590N | 47162910893832 PID

HA2023TL-0093-020X

RSM144-10-615N

47162910893854

*Higher output power

HA2023TL-0093-021X

RSM144-10-615N

47162910893855

*Higher output power

HA2023TL-0093-022X

RSM144-10-575N

47162910893825

*Lower output power

HA2023TL-0093-023X

RSM144-10-575N

47162910893828

*Lower output power

Item?2

HA2023TL-0093-028X

RSM144-9-555N

47162810885732

*Lower output power

HA2023TL-0093-029X

RSM144-9-555N

47162810885733

*Lower output power

HA2023TL-0093-030X

RSM144-9-590N

47162810885728

*Higher output power

HA2023TL-0093-031X

RSM144-9-590N

47162810885729

*Higher output power

Remark: * Lower and higher output power test see annex 3

ID: 154095

Revision: 1 - released
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Report No.: 704062300251-00 part 1 of 2

Attachments:
attachment number / number of
pages
Installation manual Attachment 1: 47 pages
Drawings mechanical Refer to annex 2 of report No.
704062300251-00 Part 2 of 2
Circuit diagram Refer to annex 2 of report No.
704062300251-00 Part 2 of 2
Photographs Attachment 2: 6 pages
Component datasheets / certificates Attachment 3: 29 pages
Others:
Product Description Sheet (Manufacturers and type references) | Annex 1, 6 pages
Test table for verifying other stabilization procedure Annex 2, _N/A_ pages
Lower and higher output power modules Annex 3, _4 pages
List of test equipment used Annex 4, N/A_ pages

If additional information is necessary, please provide

N/A

Picture of the product: Refer to 704062300251-00 DOC_TUV MARK_E

Test Report IEC61215:2021

ID: 154095 Revision: 1 - released Effective:2021-06-01 Page 9 of 74
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Summary of testing:

Item1:

Full tests according to IEC 61215-1:2021, IEC 61215-1-1:2021, IEC 61215-2:2021 were conducted on
representative model RSM144-10-590N.

Higher end and lower end power class tests according to IEC 61215-1:2021, IEC 61215-1-1:2021,
IEC 61215-2:2021were conducted on model RSM144-10-615N, RSM144-10-575N.

Below model types were included:(Model with 182.2 x 96mm TOPCon cell)

a) RSM144-10-xxxN, xxx= 575 to 615 in steps of 5

b) RSM120-10-xxxN, xxx= 480 to 505 in steps of 5

€) RSM108-10-xxxN, xxx= 430 to 460 in steps of 5

xxX is standing for rated output power at STC

Above types of model are identical to tested model RSM144-10-590N except for power ratings, cell's
numbers, module size.

ltem2:

Based on item 1, Below change were found:

1, Add cell, RSTCS182B(16BB), Cell dimensions L x W: 182.2 x 91mm, manufactured by Risen Energy
Co., Ltd.

Remark: Only decreased in cell size from 182.2 x 96mm to 182.2 x 91mm for above new cell
RSTCS182B(16BB).

Below model types were included:(Model with 182.2 x 91mm TOPCon cell)

d) RSM144-9-xxxN, xxx= 555 to 590 in steps of 5

€) RSM120-9-xxxN, xxx= 460 to 490 in steps of 5

f) RSM108-9-xxxN, xxx= 415 to 440 in steps of 5

xxx is standing for rated output power at STC

Higher end and lower end power class tests according to IEC 61215-1:2021, IEC 61215-1-1:2021,

IEC 61215-2:2021were conducted on model RSM144-9-590N, RSM144-9-555N.

Above types of model are identical to tested model RSM144-9-590N, RSM144-9-555N except for power
Ratings, cell's numbers, module size.

] deviation(s) found
X no deviations found

Additional information on Non-standard test method(s)
Sub clause:

Page:

Rational:

Copy of marking plate:

Model Type: RSM144-10-590N stc AM1S E=1000Wim To=25'C
r I S€ N Risen Energy Co.Ltd. E E 550W | Min. Design Load [Pa] +3600Pa,-1600Pa ﬁ
el E= = T @weo

ingbo,Zhejiang 315609, P.R.Chin; - Maximum Power C t(imp) 13.76A
q218-2:2021, I* Open Circuit Voltage(Voc) 51.67vE3%
‘::;c:”m 12:2023 ‘Short Gircuit Currant(isc) 14.57A%4%

signa
ronic Toennology Co.LIAPV-8Y02 M-G5.6 Power Selaction 0-+5W | Weight

Maximum System Voltage DC1500v
Satety Class Class 1l

eries Fuse Rating 25A
23821134*30mm

Model Type: RSM144-9-555N sTC ANA.5 E=1000W/m’ Tc=25°C

-
FiS@N risen Energy co.1a EIAR | e s N A e
Websit yww.sssnenergy.com i Pows Messumymen 4 Uacertsay % | MinTest Lowd [P ssapaieens | @IV PV CYCLE IE‘ ( €
E-maitinog@risenanargy.com "B | Maximum Power Voltage(Vmp) s2s0v | Module [T9Bmax ['C) n gy
. N Maximum Systam Voltage DC1500V
Add:Meilin, Ninghai Ningbo Zhejiang 315609 P.R.China. . Maximum Powaer Current{imp) 12.98A Safety Cl e n
ass ass

IEC61215-1:2021,|EC61215-2:2021, Open Circuit Voltage(Voc) 1.47Vaa% ;

* pet 9 Maximum Series Fuse Rating A

IEC81215-1-1:2021 and IEC81730-4/2:2023 I . A e dule
P ‘Short Clrcult Currentliac) 1383A4% | Dimensions 2278°1134"30mm Fleaze

under load,
oduces sctricty when sxposed to ight.
he nsinll operation manual

Tear ide o tha modsle.  Made in China

for
tronic Technology Co.,Ltd. PV-8Y02 G Pawer Scloction 0-+5W Weight 27kg

Test Report IEC61215:2021
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Possible test case verdicts:

test case does not apply to the test object:  N/A (not applicable / not included in the order)
test object does meet the requirement: P (Pass)
test object does not meet the requirement:  F (Fail)

General remarks:

"(see remark #)" refers to a remark appended to the report.

"(see appended table)" refers to a table appended to the report.

Throughout this report a comma is used as the decimal separator.

The test results presented in this report relate only to the object tested.

This report shall not be reproduced except in full without the written approval of the testing laboratory.

Test Report IEC61215:2021

ID: 154095 Revision: 1 - released Effective:2021-06-01
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Report No.: 704062300251-00 part 1 of 2

10. Modifications:

Modifications:
Initial module design qualification
[] Extension of module design qualification

L] Original test report ref. NO. ......ccovevviiniiniiiiinend

Model differences and modification:

L] Test programs for crystalline silicon PV modules

(1 4.2.1 Modification to frontsheet
[ 4.2.2 Modification to encapsulation system

[ 4.2.3 Modification to cell technology

L1 4.2.4 Modification to cell and string
interconnect material or technique

] 4.2.5 Modification to backsheet
] 4.2.6 Modification to electrical termination
[ 4.2.7 Modification to bypass diode

[ 4.2.8 Modification to electrical circuitry

[ 4.2.9 Modification to edge sealing

[ 4.2.10 Modification to frame and/or mounting
structure

[ 4.2.11 Change in PV module size

[ 4.2.12 Higher or lower output power (by 10 %
or more) with the identical design and size
and using the identical cell process

[ 4.2.13 Increase of over-current protection
rating

(1 4.2.14 Increase of system voltage

[ 4.2.15 Change in cell fixing tape

L] Test programs for thin-film PV modules

[ 4.3.1 Modification to frontsheet
[ 4.3.2 Modification to encapsulation system

] 4.3.3 Modification to front contact (e. g.
TCO)

] 4.3.4 Modification to cell technology

] 4.3.5 Modification to cell layout
[ 4.3.6 Modification to back contact
[ 4.3.7 Modification to edge deletion

] 4.3.8 Modification to interconnect material
or technique

[ 4.3.9 Modification to backsheet

[ 4.3.10 Modification to electrical termination

[ 4.3.11 Modification to bypass diode
[ 4.3.12 Modification to edge sealing

] 4.3.13 Modification to frame and/or
mounting structure

1 4.3.14 Change in PV module size

[ 4.3.15 Higher or lower output power (by
10 % or more) with the identical design
and size

(1 4.3.16 Increase of over-current protection
rating

[1 4.3.17 Increase of system voltage

Note: The clause references modifications extracted from IEC 62915

Test Report IEC61215:2021

ID: 154095 Revision: 1 - released
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Page 12 of 74

TV

®



Page 13 of 74

&

Product Service
Report No.: 704062300251-00 part 1 of 2
11 TEST FLOW (if it is not a full test, strikethrough non-performed test)
Note: Deviations from test sequence are possible but must be documented.
MQT 01
ltem1 Visual inspection
I
MQT 19.1
Initial Stabilization
I
MQT 06.1
Performance at STC
(Followed by Gate No.1)
[
MQT 03
Insulation test
[
MQT 15
Wet leakage current
I
[ [ [ I [ ]
1 Module 1 Module 2 Modules 2 Modules 2 Modules 4 Modules
Sequence A Sequence B Sequence C Sequence D Sequence E Sequence F
MQT 08 MQT 11
MQT 10 . MQT 13
MQT 07 Outdoor UV precondition Thermal cycling Damp heat test MQT 21
Performance at Exposure test
R test 1000 h PID test
low irradiance Test 15 KWh/m2 200 cycles 85 °C / 85 % RH
60 kwh/m2 -40°C to 85°C °
[ [ I
MQT 04 MQT 20
Measurement MégT;fs:l Cyclic (dynamic)
of glg de mechanical load
temperature thermal test test 1000 cycles at Imodule | 1module
coefficients 1000 Pa
I [
MQT 11 MQT 16 MQT 17
' Ql;' 9-2 Thermal cycling Static mechanical HSI test
Stabilizati test, 50 cycles load test
-40°C to 85°C (design load)
I [ [
MQT 12 MQT22
MQT 06.1 Humidity freeze Bendingtest
Performance test, 10 cycles Flexible-meodule
at STC —40 °C to 85 °C, only
85 % RH 25 cycles
1 module
1 module
MQT 09 MQT 14.1
Hot-spot ;
endurance _ Re_tenuon of
test junction box test
I I
I
MQT 18.2
Bypass MOT 102
diode Final Stabilization
functionality
test
[
1 Module MQT 06.1
measured together with Performance at
modules from sequences STC
B-E as control and to I
determine reproducibility MQT 03 MQT 15
r Insulation test Wet leakage current
Test Report IEC61215:2021
ID: 154095 Revision: 1 - released Effective:2021-06-01 Page 13 of 74
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Report No.: 704062300251-00 part 1 of 2
MQT 01
Item2 Visual inspection
[
MQT 19.1
Initial Stabilization
I
MQT 06.1
Performance at STC
(Followed by Gate No.1)
[
MOT 03
tnsulation-test
I
MOT 15
Wet leakage current
[ I I I I |
1 Module 1 Module 2 Modules 2 Modules 2 Modules 4 Modules
Sequence A Sequence B Sequence C Sequence D Sequence E Sequence F
MQT 08 MOT 11
MQTO7 Outdoor QF10 Thermal-cycling D ; MOT 21
Performance at Exposure :naiestsegte test 1000 PID
low-irradiance TFest 15 1\ 2 200 cycles 85 °C /85 % RH
60-kWhim2 -40°C+1e-85C
[ I [
MOT04 MOT20
Measurement 2 . Cyelie-{dynamic)
of Bypass mechanical load
diede test1000-cveles-at 1module | 1module
te ?EE. atdre thermal-test L000-P
I [
MOT 19.2 MQTLL MQTF16 MOT 47
Final load-test ailtest
Stabilization 10°C 1o 85°C (desigrload)
[ [ [
MQT 06.1 Humidity freeze Bending test
Performance test, 10 cycles Flexible module
atSTe —40-°C-te-85-°C; only
85 % RH 25 cycles
1 module
1 module
Q09 MOT14.1
14
Elt spot _ Retemlen-ef
T |
I
MOT-18:2
Bypass MQT-19.2
h . Final-Stabilization
test :
1 Module MQT 06.1
measured together with Performance-at
modules from sequences STC
B-E as control and to I
determine reproducibility MQT-03 MOT15
r nsulation-test Wetleakage current
Test Report IEC61215:2021
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5. Marking and Documentation

51

Name Plate

All electrical data shall be shown as relative to STC
(1 000 W/m?, 25 °C, AM1.5 according to IEC TS
61836), except for bifacial modules where two
irradiance levels are required, 1 000 W/m? and BNPI
(higher irradiance at which nameplate verification is
performed for bifacial modules, corresponding to 1
000 W/m? on the module front and 135 W/m? on the
module rear, applied in any method allowed by IEC
TS 60904-1-2).

Marked on label

International symbols are used where applicable.

Marked on label

The module includes clear and indelible markings:

a. Name, registered trade name or registered
trade mark of manufacturer

Srisen

b. Type or model number designation

RSM144-10-590N for example

c. Serial number (unless marked on other part of
product)

47162910893827 for example

d. Date and place of manufacture, alternatively
serial number allowing to trace the date and
place of manufacture;

serial number allowing to
trace the date and place of

manufacture

e. Maximum system voltage

1500V DC

f. Class of protection against electrical shock

Class Il

g. Voltage at open-circuit or Voc including
tolerances. For bifacial modules, open-circuit
voltage shall be reported at two irradiance
levels. The first required irradiance level is 1
000 W/m2. The second required irradiance is
BNPI

Marked on label

h. Current at short-circuit or Isc including
tolerances. For bifacial modules, short-circuit
current shall be reported at two irradiance
levels, defined in 5.1g

Marked on label

i. Module maximum power or Pmax including
tolerances. For bifacial modules, Pmax shall be
reported at the two irradiance levels, defined in
5.19

Marked on label

ID: 154095
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Clause Requirement + Test Result - Remark Verdict
j. For bifacial modules the following information Marked on label
including tolerances, shall be given on the
nameplate: The values for the short-circuit
current bifaciality coefficient @lsc, the P
opencircuit voltage bifaciality coefficient ¢Voc,
and the maximum power bifaciality coefficient
@Pmax, measured at STC as defined in IEC TS
60904-1-2
k. For flexible modules, the minimum radius of N/A
curvature
5.2 Documentation
521 Minimum requirements
Modules are supplied with documentation describing
the methods of electrical and mechanical installation P
as well as the electrical ratings of the module
The documentation states the class of protection
against electrical shock under which the module has P
been qualified and any specific limitations required
for that class.
The documentation assures that installers and
operators receive appropriate and sufficient p
documentation for safe installation, use, and
maintenance of the PV modules.
522 Information given in the documentation P
a. All information required under 5.1 €) to i) Refer to manual document P
b. Overcurrent protection device type and rating Refer to manual document p
are e.g. given in IEC 60269-6
Maximum series/parallel module configuration is p
recommended
c. Manufacturer’s stated tolerance for Voc, Isc and
maximum power output under standard test P
conditions
d. Temperature coefficient for voltage at open- p
circuit
e. Temperature coefficient for maximum power P
f.  Temperature coefficient for short-circuit current P
All electrical data mentioned above shown as
relative to standard test conditions (1 000 W/m?, P
25 °C, AM 1,5 according to IEC TS 61836)
g. Performance at low irradiance (MQT 07) is
o N/A
specified
International symbols used where applicable P
Test Report IEC61215:2021
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Compliance checked by inspection and MQT 04 =
through MQT 07
The electrical documentation includes a detailed description of the electrical
installation wiring method to be used
h. The minimum cable diameters for modules
. . " P
intended for field wiring
i. Any limitations on wiring methods and wire
management that apply to the wiring P
compartment or box;
j.  The size, type, material and temperature rating p
of the conductors to be used
k. Type of terminals for field wiring N/A
I.  Specific PV connector model/types and
manufacturer to which the module connectors P
are mated
m. The bonding method(s) to be used (if Refer to manual document
applicable); all provided or specified hardware P
is identified in the documentation
n. The type and ratings of bypass diode to be Refer to manual document p
used (if applicable)
0. limitations to the mounting situation (e.g., slope, | Refer to manual document p
orientation, mounting means, cooling)
p. A statement indicating the fire rating(s) and the
applied standard and the limitations to that p
rating (e.g., installation slope, sub-structure or
other applicable installation information)
g. A statementindicating the design load per each |Designed load:
mechanical means for securing the module as | pgsitive:3600Pa
evaluated during the static mechanical load test Lo
according to MQT 16. At discretion of the Negative:1600Pa _ P
manufacturer the test load and/or the safety Safety factor for both sides:
factor ym may be noted, too 1.5
The installation instructions include relevant
parameters specified by manufacturer or the
following statement or the equivalent:
"Under normal conditions, a photovoltaic module is
likely to experience conditions that produce more
current and/or voltage than reported at standard test P
conditions. Accordingly, the values of Isc and Voc
marked on this module should be multiplied by a
factor of 1,25 when determining component voltage
ratings, conductor current ratings, and size of
controls connected to the PV output.”
5.2.3 Assembly instructions N/A
Test Report IEC61215:2021
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Provided with a product shipped in subassemblies,
detailed and adequate to the degree required to N/A
facilitate complete and safe assembly of the product

Supplementary information:

7. Pass Criteria P

7.2 Power output and electric circuitry P

7.2.1 Verification of rated label values (Gate No. 1) P
Manufacturer’s tolerances and Laboratory uncertainties P

t1 t2 t3 ta
manufa_cturer s rated _Iower/upper 3 +3 ‘a4 +3
production tolerance in %
ma mz mas —
i in o

measurement uncertainty in % of 216 1.00 2.40
laboratory
Laboratory reproducibility r ................... [0.23%
After stabilization, each individual module meets the requirements P
Prmax See Table 03.1, Table 03.3
................................................................................... P
Voc See Table 03.1, Table 03.3
................................................................................... P
Isc: See Table 03.1, Table 03.3
................................................................................... P
After stabilization the arithmetic average P max of | See Table 03.1, Table 03.3 p
all modules meet the requirements.

7.2.2 Maximum power degradation during type approval testing (Gate #2) P
At the end of each test sequence or for sequence B
after bypass diode test, each test sample meets the P
requirements for Pmax

7.2.3 Electrical circuitry P
Samples do not exhibit an open-circuit during the P
tests

7.3 Visual defects P
There is no visual evidence of a major defect. P

7.4 Electrical safety P

Test Report IEC61215:2021
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The insulation test (MQT 03) requirements are met =
at the beginning and the end of each sequence

The wet leakage current test (MQT 15)
requirements met at the beginning and at the end of P
each sequence

Specific requirements of the individual tests are met P

Supplementary information:

Test Report IEC61215:2021
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4. Testing Overview P
Initial examination All modules P
4.1 Visual inspection (MQT 01)) .....c.cccevcvvveevvvveeennnne. s | See Table 01 P
4.19.5 Initial stabilization (MQT 19.1) ........c.ccceeeeeevvneeeeen. s | See Table 02.1 - 02.6 P
4.6 Performance at STC &BNPI (MQT 06.1) See Table 03.1 - 03.3 P
4.3 Insulation test(MQT 03) .....cc.ccceevvcvvvvveeeeeevinneeeene. s | See Table 04 P
4.15 Wet leakage current test(MQT 15) ........................ | See Table 05 P
Sequence | 1 Modules Samples A P
A
4.7 Performance at low irradiance(MQT 07)................ | See Table 06.1 - 06.2
4.4 Measurement of temperature coefficients(MQT 04) | See Table 07
Sequence | 1 Module Sample B P
B
4.8 Outdoor exposure test(MQT 08)..........cccceceeveeeee. s | See Table 08
4.18.1 Bypass diode thermal test (MQT 18.1) P
Maximum allowed junction temperature ...............: —
Calculated junction temperature ...............eeevvveenen s —
Final measurements............ccccccvcvveenicveenncneeennnn . | See Table 09 P
4.18.2 Bypass diode functionality test (MQT 18.2) .........: See Table 10
4.19.6 Final stabilization (MQT 19.2) ............cccccecevvvvveeeent | See Table 10.1 - 10.3 N/A
49 Hot spot endurance test (MQT 09) ........................ | See Table 11 P
Sequence | 2 Modules Samples C1; C2 P
C
4.10 UV preconditioning test (MQT 10) ......................... | See Table 12.1 - 12.6 P
4.20 Cyclic (dynamic) mechanical load test (MQT 20) See Table 13 P
4.11 Thermal cycling test 50 cycles (MQT 11)............... | See Table 14 P
4.12 Humidity-freeze test (MQT 12)..........ccccceevvvveeeenn . | See Table 15 P
Sequence | 1 Module Sample C1
P
C1
4.14.2 Retention of junction box on mounting surface See Table 16 =
4.14.3 Test of cord anchorage (MQT 14.2) N/A
Test Report IEC61215:2021
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4.14.3.1 | The junction box, separate from the module, shall | See report No.: P
be tested to IEC 62790 "Test of cord 70.407.17.075.05.09
anchorage" and shall meet the requirements
tNEIEIN Lo
Sequence | 2 Modules Sample D1; D2 =
D
4.11 Thermal cycling test 200 cycles (MQT 11) ...........: See Table 17 P
Sequence | 2 Modules Samples E1; E2 =
E
4.13 Damp heat test (MQT 13) ............ceeeeveveveveveveeeeen.... | See Table 18 P
4.19.6 Final stabilization (MQT 19.2)........ccccccevvvvevveeennen..:. | See Table 23.3 N/A
Sequence | 1 Module Sample E1
P
E1l
4.16 Static mechanical load test (MQT 16).................... | See Table 19 P
4.22 Bending test (MQT 22)......cccccceevcivveeiviieeesvcneeennn . | See Table 20 N/A
Sequence | 1 Module Sample E2
P
E2
4.17 Hail test (MQT 17) See Table 21 P
Sequence | 4 Module Sample F1; F2; F3; F4 P
F
4.21 Potential induced degradation test (MQT 21) See Table 22 P
4.19.6 Final stabilization (MQT 19.2)................................ | See Table 23.4, 23.6, 23.7 N/A
Final measurement All modules for Sequence C, P
D, E, F; Control module for
Sequence A
4.19.6 Final stabilization (MQT 19.2) ...........ccccceevvveeeennt | See Table 23.1 - 23.2 N/A
4.6 Performance at STC&BNPI(MQT 06.1) ...............: See Table 23.5, 23.8 P
4.3 Insulation test(MQT 03) ...coovveeeriiiieeiiiiie e See Table 23.9
4.15 Wet leakage current test(MQT 15) .....cooovviinnenns! See Table 23.10 P
Test Report IEC61215:2021
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TABLE 01: MQT 01 ini: Initial Visual inspection P
Test Date [YYYY-MM-DDJ......c.ccccevvrrnnnnen. : 12023-01-28 —
Sample # Nature and position of initial findings — comments or attach photos —
HA2023TL-0093-001X No major visual defects found P
HA2023TL-0093-004X No major visual defects found P
HA2023TL-0093-005X No major visual defects found P
HA2023TL-0093-006X No major visual defects found P
HA2023TL-0093-007X No major visual defects found P
HA2023TL-0093-008X No major visual defects found P
HA2023TL-0093-009X No major visual defects found P
HA2023TL-0093-010X No major visual defects found P
HA2023TL-0093-024X No major visual defects found P
HA2023TL-0093-025X No major visual defects found P
HA2023TL-0093-026X No major visual defects found P
HA2023TL-0093-027X No major visual defects found P
Supplementary information:
TABLE 02: MQT 19.1 ini: Initial stabilization
TABLE 02.1: MQT 06.1 ini: Performance at STC before initial stabilization (Front side) P
Test Date [YYYY-MM-DD].......ccccceveennenne 1 12023-01-28 —
Test method ... : Simulator [0 Natural sunlight =

Sample # Isc [A] Voc [V] Imp [A] Vmp [V] Pmax [W] FF [%0] Result

HA2023TL-

0093-001X 14.315 51.137 13.642 43.150 588.647 80.41 P

HA2023TL-

0093-004X 14.295 51.193 13.637 43.018 586.643 80.16 P

HA2023TL-

0093-005X 14.347 51.093 13.701 42.995 589.075 80.36 P

HA2023TL-

0093-006X 14.322 51.233 13.722 42.915 588.865 80.25 P

HA2023TL-

0093-007X 14.275 51.210 13.628 43.099 587.334 80.34 P

HA2023TL-

0093-008X 14.347 51.187 13.632 43.161 588.352 80.11 P

HA2023TL-

0093-009X 14.316 51.274 13.704 43.135 591.111 80.53 P
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HA2023TL-
0093-010X 14.339 51.144 13.656 43.130 588.960 80.31 P
HA2023TL-
0093-024X 14.329 51.195 13.720 43.131 591.755 80.67 P
HA2023TL-
0093-025X 14.323 51.145 13.654 43.238 590.390 80.59 P
HA2023TL-
0093-026X 14.295 51.157 13.621 43.248 589.079 80.55 P
HA2023TL-
0093-027X 14.285 51.148 13.652 43.143 588.977 80.61 P
Supplementary information:
TABLE 02.2: MQT 06.1 ini: Performance at STC before initial stabilization (Back side) —
Test Date [YYYY-MM-DD]........cccc.cu...... i —
Test method ... : |0 Simulator [J Natural sunlight —
Sample # Isc [A] Voc [V] Imp [A] Vmp [V] Pmax [W] FF [%] Result
Supplementary information:
TABLE 02.3: MQT 06.1 ini: Performance at BNPI (front side irradiance 1000 W/m?, back side —
irradiance 135 W/m?2, 25 °C, AM 1.5) before initial stabilization
Test Date [YYYY-MM-DD].........cccc..co....... - —
Test method ... . | O Simulator [J Natural sunlight —
Sample # Isc [A] Voc [V] Imp [A] Vmp [V] Pmax [W] FF [%] Result
Supplementary information:
TABLE 02.4: MQT 19.1 ini: Initial Stabilization procedure P
Light exposure method ... : Simulator [ Natural sunlight
Abbreviation: Regarding light source “S” for Solar simulator and “N” for Natural sunlight
Stabilization criterion x per IEC 61215-1-X .......cccceueneee. c |1
Test Report IEC61215:2021
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Sample # HA2023TL- ) 2023-01-28/2023-02-06
0093-001X Test Date (YYYY-MM-DD) start/end.......... :
Integrated . Module I Pmax (W) at o Stabl
Testcycle | irradiation |rr(3\c/]/|21r;():e temperature Relzlz(tjlve the end of PFT""X P'E“(;o))/ v a/Ne
(kWh/m?2) (°C) cycle L it
Initial — — — — 588.647 — —
1 5 800-1000 50+10 3.2 590.395 — —
2 5 800-1000 50+10 3.2 591.188 0.43 Yes
Sample # HA2023TL- ) 2023-01-28/2023-02-06
0093-004X Test Date (YYYY-MM-DD) start/end.......... :
Integrated . Module _ Pmax (W) at e Stabl
Test cycle | irradiation Irr(:\;}\(lj/l;r;;:e temperature Relzls(tjlve the end of PFT"“X PE"(;))/ v a/Ne
(KWh/m2) C) cycle average (70 (Yes/No)
Initial — — — — 586.643 — —
1 5 800-1000 50+10 3.2 587.380 — —
2 5 800-1000 50+10 3.1 590.028 0.58 Yes
Sample # HA2023TL- ) 2023-01-28/2023-02-06
0093-005X Test Date (YYYY-MM-DD) start/end.......... :
Integrated . Module o Pmax (W) at
Test cycle — Pmi Stabl
4 irradiation Irr(ia/:/j/l%r;)ce temperature Relzlggve the end of PF',"aX P'("O'/”))/ v a/Ne
(KWh/m?) (°C) cycle masa () || (D)
Initial — — — — 589.075 — —
1 5 800-1000 50+10 3.1 590.770 — —
2 5 800-1000 50+10 3.1 591.760 0.45 Yes
Sample # HA2023TL- . 2023-01-28/2023-02-06
0093-006X Test Date (YYYY-MM-DD) start/end.......... :
Integrated . Module _ Pmax (W) at .
Test cycle | irradiation Irr(ia/:/j/l%r;)ce temperature Relzlggve the end of PF',"aX B P'("O'/”))/ (\?éi?lll%)
(KWh/m2) (°C) cycle average {0
Initial — — — — 588.865 — —
1 5 800-1000 5010 3.1 590.558 — —
2 5 800-1000 50+10 3.1 591.248 0.40 Yes
Sample # HA2023TL- . 2023-01-28/2023-02-06
0093-007X Test Date (YYYY-MM-DD) start/end.......... :
Integrated . Module o Pmax (W) at
Test cycle — Pmi
4 irradiation Irr(?/\(/j/l%r;():e temperature Rﬁi‘;’gve the end of P;‘ax P'("o'/”))/ (5 ;imeo)
(KWh/m2) (°C) cycle average 70
Test Report IEC61215:2021
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Initial — — — — 587.334 — —
1 5 800-1000 50+10 3.2 588.962 — —
2 5 800-1000 50+10 3.2 590.044 0.46 Yes
Sample # HA2023TL- i 2023-01-28/2023-02-06
0093-008X Test Date (YYYY-MM-DD) start/end.......... :
Test cycle Integrated | | e HlgElLlie Resistive |FmxWat| o Pmin) / | Stable
irradiation > temperature | the end of - ves/N
(KWh/m?2) (W/m2) °C) oad cycle Paverage (%) | (Yes/No)
Initial — — — — 588.352 — —
1 5 800-1000 50+10 3.2 590.255 — —
2 5 800-1000 50+10 3.1 591.872 0.60 Yes
Sample # HA2023TL- ) 2023-01-28/2023-02-06
0093-009X Test Date (YYYY-MM-DD) start/end.......... :
Integrated |\ jiance e Resistive | m (W) at Pmax — Pmin) / | Stable
Test cycle irradiation Wim2 temperature load the end of P o ves/N
(KWh/m?) (W/m?2) °C) oal cycle average (%0) | (Yes/No)
Initial = — = = 591.111 = -
1 5 800-1000 50+10 3.1 592.427 — —
2 5 800-1000 50+10 3.2 594.194 0.52 Yes
Sample # HA2023TL- ) 2023-01-28/2023-02-06
0093-010X Test Date (YYYY-MM-DD) start/end.......... :
Testcycle | Integrated |\ ionce e Resistive | m (W) at Pmax — Pmin) / | Stable
irradiation 2 temperature | the end of - ves/N
(kWh/mz) (W/m ) (OC) oad Cycle Paverage (/0) (Yes/No)
Initial — — — — 588.960 — —
1 5 800-1000 50+10 3.2 590.665 — —
2 5 800-1000 50+10 3.1 591.638 0.45 Yes
Sample # HA2023TL- ) 2023-01-28/2023-02-06
0093-024X Test Date (YYYY-MM-DD) start/end.......... :
Testcycle | Negrated | o nce e Resistive | -mxWat) o Pmin) / | Stable
irradiation M2 temperature load the end of P o ves/No
(kWh/mz) (W m ) (OC) oa cycle average ( 0) ( )
Initial — — — — 591.755 — —
1 5 800-1000 50+10 3.1 592.068 — —
2 5 800-1000 50+10 3.1 593.639 0.32 Yes
Sample # HA2023TL- ) 2023-01-28/2023-02-06
0093-025X Test Date (YYYY-MM-DD) start/end.......... :
Integrated . Module o Pmax (W) at
Test cycl _p..
eStCYE® | irradiation Irradllar;ce temperature ReIS|s(tj|ve the end of (Pmax P'g'”) / 5 tame
(KWh/m?) (W/m?2) °C) oa cycle Paverage (%) | (Yes/No)
Test Report IEC61215:2021
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Initial — — — — 590.390 — —
1 5 800-1000 50£10 3.2 591.157 — —
2 5 800-1000 50£10 3.1 592.823 0.41 Yes
Sample # HA2023TL- )
0093-026X Test Date (YYYY-MM-DD) start/end........ : 2023-01-28/2023-02-06
Test cycle Integrated | | e HlgElLlie Resistive | omx (W) at (Pmax — Pmin) / | Stable
irradiation (W/m?) temperature load the end of P (%) | (Yes/No)
(kKWh/m2) (°C) cycle average
Initial — — — — 589.079 — —
1 5 800-1000 50£10 3.2 590.832 — —
2 5 800-1000 50£10 3.2 591.544 0.42 Yes
Sample # HA2023TL- )
0093-027X Test Date (YYYY-MM-DD) start/end........ : 2023-01-28/2023-02-06
Testcycle | Integrated |\ ionce e Resistive | m (W) at (Pmax — Pmin) / | Stable
irradiation (W/m?) temperature load the end of P (%) | (Yes/No)
(KWh/m2) (°C) cycle average
Initial — — — — 588.977 — —
1 5 800-1000 50£10 3.2 590.737 — —
2 5 800-1000 50£10 3.2 591.815 0.48 Yes
Supplementary information:
[ Other stabilization procedures
Sample # |Test Date (YYYY-MM-DD) start/end
Test method description:
Supplementary information: see Annex 3 for verification of this alternative stabilization procedure
TABLE 03.1: MQT 06.1 ini: Performance at STC after initial stabilization(Front side) P
Test Date [YYYY-MM-DD].......ccccceeeenuennn. :|2023-02-06 —
Test Report IEC61215:2021
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Pmax(lab) lower limit (W) ......c.ccoovrirnn. : See table below: Pmax [W] — Min calc. —
Pax (Lab) lower limit (W) ....coeveeverrerenene, : |579.670 —
Voc(lab) upper limit (V) ..coooevieiiiiienene : See table below: Voc [V] Max. calc. —
Isc (lab) upper limit (A) ..cccooveeriiriirieen, : See table below: Isc [A] Max. calc. —
Test method ..., : Simulator I Natural sunlight =
Isc [A] Voc [V] Pmax [W]
Sample # Meas. Max. Meas. Max. Imp [A] | Vmp [V] Meas. Min. EE[o] | SResult
calc. calc. calc.

HA2023TL-

0093-001X 14.341( 14.859 | 51.248 | 52.785 | 13.674 | 43.235 |591.188 |562.280 | 80.44 P
HA2023TL-

0093-004X 14.347| 14.859 | 51.250 | 52.785 | 13.726 | 42.987 |590.028 |562.280 | 80.24 P
HA2023TL-

0093-005X 14.368| 14.859 | 51.146 | 52.785 | 13.759 | 43.008 |591.760|562.280 | 80.52 P
HA2023TL-

0093-006X 14.390| 14.859 | 51.285 | 52.785 | 13.773 | 42.929 |591.248|562.280 | 80.11 P
HA2023TL-

0093-007X 14.312| 14.859 | 51.234 | 52.785 | 13.689 | 43.103 |590.044|562.280 ( 80.47 P
HA2023TL-

0093-008X 14.398| 14.859 | 51.217 | 52.785 | 13.707 | 43.181 |591.872|562.280 | 80.26 P
HA2023TL-

0093-009X 14.382| 14.859 | 51.341 | 52.785 | 13.765 | 43.167 |594.194|562.280 | 80.47 P
HA2023TL-

0093-010X 14.389| 14.859 | 51.241 | 52.785 | 13.699 | 43.187 |591.638|562.280 | 80.24 P
HA2023TL-

0093-024X 14.379| 14.859 | 51.218 | 52.785 | 13.747 | 43.184 |593.639|562.280 | 80.61 P
HA2023TL-

0093-025X 14.364| 14.859 | 51.179 | 52.785 | 13.696 | 43.284 |592.823|562.280 | 80.64 P
HA2023TL-

0093-026X 14.373| 14.859 | 51.218 | 52.785 | 13.666 | 43.286 |591.544|562.280 | 80.36 P
HA2023TL-

0093-027X 14.333| 14.859 | 51.189 | 52.785 | 13.701 | 43.194 |591.815|562.280 | 80.66 P
Average = 591.816 |579.670 | — P

Supplementary information: The limit values are calculated considering manufacturer’s tolerances t of rated
nameplate values and laboratory measurement uncertainties m.

TABLE 03.2: MQT 06.1 ini: Performance at STC after initial stabilization(Back side)

Test Date [YYYY-MM-DD].......ccccceveenuenne :

Testmethod........ooovviiiiii

] Simulator

[ Natural sunlight
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Vmp

Sample # | Isc [A] | Voc [V] | Imp [A] V] Pmax [W] | FF [%] Pisc Pvoc Prmax | Result
Supplementary information:
TABLE 03.3: MQT 06.1 ini: Performance at BNPI (front side irradiance 1000 W/m?, backside —
irradiance 135 W/m?2, 25 °C, AM 1.5) after initial stabilization
Test Date [YYYY-MM-DD].....ccccccevvvveenne : — —
Pmax(lab) lower limit (W) .......cccoeeevnnennn. : — —
Prax (Lab) lower limit (W) ...cccovvvrvcrerenne, : — —
Voc(lab) upper limit (V) ..cocceeveeeeiiiieeens : — —
Isc (lab) upper limit (A) ...cccoceeeviieeeieen, : — —
Test method........ccovveveviinii e : 0 Simulator L1 Natural sunlight —

Isc [A] Voc [V] Pmax [W]
Sample # | pjeas. Max. | Meas. | Max. Imp [A] | Vmp[V] | \eas. Min. FF [%] Result
calc. calc. calc.
Average — — — — _

Supplementary information: The limit values are calculated considering manufacturer’s tolerances t of rated

nameplate values and laboratory measurement uncertainties m.

TABLE 04: MQT 03 ini: Initial Insulation test P
Test Date [YYYY-MM-DD].............. 2023-02-06 —
Test Voltage applied [V] ................ 8000/1500 —
Size of module [M?]........cccoveenill 2.7 —
Required Resistance [MQ)]............ : 214.81 —
Sample # Measured Dielectric breakdown
— Result
MQ Yes (description) No
HA2023TL- . .
0093-001X >10000 No Dielectrical breakdown X P
Test Report IEC61215:2021
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HA2023TL- . .
0093-004X >10000 No Dielectrical breakdown P
HA2023TL- . .
0093-005X >10000 No Dielectrical breakdown P
HA2023TL- . .
0093-006X >10000 No Dielectrical breakdown P
HA2023TL- . .
0093-007X >10000 No Dielectrical breakdown P
HA2023TL- . .
0093-008X >10000 No Dielectrical breakdown P
HA2023TL- . .
0093-009X >10000 No Dielectrical breakdown P
HA2023TL- . .
0093-010X >10000 No Dielectrical breakdown P
HA2023TL- . .
0093-024X >10000 No Dielectrical breakdown P
HA2023TL- . .
0093-025X >10000 No Dielectrical breakdown P
HA2023TL- . .
0093-026X >10000 No Dielectrical breakdown P
HA2023TL- . .
0093-027X >10000 No Dielectrical breakdown P
Supplementary information: The measurement limit of the equipment is 10000MQ.
TABLE 05: MQT 15 ini: Initial Wet leakage current test P
Test Date [YYYY-MM-DD]........ccccvvvveeeeevienennnns. | 2023-02-06 —
Test Voltage applied [V]..........eeeeeeeeeeeees 1500 —
Solution temperature [°Cl.......cccvvvvvevevevevevvvevennnnnnns | 22.4 —
Solution resistivity [Q cm] .......cccccieeviiiieeninee. [ 2305 —
Size of module [M2] ... [ 2.7 —
Sample # Required Resistance [MQ] Measured [MQ] Result
HA2023TL-0093-001X 214.81 5710 P
HA2023TL-0093-004X 214.81 5110 P
HA2023TL-0093-005X >14.81 3930 P
HA2023TL-0093-006X 214.81 6740 P
HA2023TL-0093-007X 214.81 5480 P
HA2023TL-0093-008X 214.81 7250 P
HA2023TL-0093-009X >14.81 6070 P
HA2023TL-0093-010X 214.81 4160 P
Test Report IEC61215:2021
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HA2023TL-0093-024X 214.81 6310 P
HA2023TL-0093-025X 214.81 3780 P
HA2023TL-0093-026X 214.81 4290 P
HA2023TL-0093-027X 214.81 6260 P
Supplementary information:
TABLE 06.1: MQT 07 - Performance at low irradiance (Front side) P
Test Date [YYYY-MM-DDJ .......ccocceevviriireiiiiiee e . 12023-02-06 —
Test method ..: | (] Outdoor measurement
Ambient air temperature [°C]:
Irradiance [W/m?]: —
Module temperature [°C]:
Data corrected to a 25°C cell temperature and 200 W/m? irradiance
[ Directly measured —
Sample # Isc [A] Voc [V] Imp [A] Vmp [V] Pmax [W] FF [%]
HA2023TL-
0093-001X 2.901 48.323 2.785 41.221 114.800 81.89
Supplementary information:
TABLE 06.2: MQT 07 - Performance at low irradiance (Back side) —
Test Date [YYYY-MM-DDJ .......ccocceeiiiieieiniiiee i = —
Test method | 0 Outdoor measurement
"""""""""" Ambient air temperature [°C]:
Irradiance [W/m?]: —
Module temperature [°C]:
(] Data corrected to a 25°C cell temperature and 200 W/m? irradiance
U] Directly measured —
Sample # | Isc[A] Voc [V] Imp [A] Vmp [V] | Pmax[W] FF [%] Pisc Pvoc | PPmax
Supplementary information:
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TABLE 07: MQT 04 - Measurement of temperature coefficients P
Test Date [YYYY-MM-DD].......cccooccvvveeviiiiiiennnn. s [2023-02-13 —
Ambient air temperature [°C] high/low ..................: 25 —
Irradiance [W/m?2] high/Iow ..........cccoeeiiiiiineennnnd 1002.6/998.6 —
Module temperature [°C] high/low...........ccccceeni 55.3/25.0 —
Sample # a [%/°C] B [%/°C] 0 [%/°C] —
HA2023TL-0093-001X 0.047 -0.235 -0.292 —
Supplementary information:
TABLE 08: MQT 08 - Outdoor exposure test P
Test Date [YYYY-MM-DD] start/end ............: 2023-02-07/2023-03-04 —
Sample # HA2023TL-0093-004X
Total irradiation dosage [kWh/m?] ................ 60.0 —
Angle of tilt the test module ................coeee: 37°+5° —
Electrical load: [J Restive load =
MPPT
Supplementary information:
Table 08.1: MQT 01: Visual inspection after outdoor exposure test P
Test Date [YYYY-MM-DD].....ccccooviiniinnienn’ 2023-03-04 —
Sample # Nature and position of initial findings — comments or attach photos —
HA2023TL-0093-004X No major visual defects found P
Supplementary information:
Table 08.2: MQT 15: Wet leakage current test after outdoor exposure test P
Test Date [YYYY-MM-DD] ....ccccccovviiviiinnnn : 2023-03-04 —
Test Voltage applied [V] ...ccooeveeeeene 1500 —
Solution temperature [°C] ......cccoeeeiiiiiiiinnnnndt 22.3 —
Size of module [M?] ..., : 2.7 —
Solution resistivity [Q cm]........cccovvivvviviinnn: 2141 —
Sample # Measured [MQ] Limit [MQ] Result
HA2023TL-0093-004X 4550 21481 P

Supplementary information: Size of module 2.7[m?]

Test Report IEC61215:2021

ID: 154095 Revision: 1 - released

Effective:2021-06-01

Page 31 of 74

TV

®



Page 32 of 74

Report No. 704062300251-00 part 1 of 2

IEC 61215-2
Clause Requirement + Test Result - Remark Verdict
Table 08.3: MQT 02 - Maximum power determination after outdoor exposure test - Optional —
Test Date [YYYY-MM-DDJ.......cccccevverienennnl — —
Module temperature [°Cl........cccoevverirrinnnnen’ - —
Irradiance [WIM?2) ......cccoooeininineeieie el - —
Sample # Isc [A] Voc [V] Imp [A] Vmp [V] Pmax [W] FF [%]
Supplementary information:
Table 08.4: MQT 03 - Insulation test after outdoor exposure test - Optional —
Test Date [YYYY-MM-DD].....ccooceevvvvreeiiinnnn. : — —
Test Voltage applied [V] «ccccevvveeiiieeeecieen, : — —
Size of module [M2] ..o, : — —
Required Resistance [MQ].........ccccceevieeiinnnns : — —
Sample # Measure | Required (MQ) Dielectric breakdown Result
d
(MQ) (MQ) Yes (description)
Supplementary information: Size of module [m?]
TABLE 09: MQT 18: Bypass diode thermal test P
Test Date [YYYY-MM-DD] start/end ............. : 2023-04-25 —
Sample # HA2023TL-0093-004X —
Module temperature [°C]......ccccoecvveeiiieeenennen. : 755 —
Number of diodes in junction box................... : 3 —
Diode manufacturer ...........ccccevceevieeeneeennnnn, : Zhejiang Twinsel Electronic Technology o
Co.,Ltd
Diode type designation ............ccccceeevevveeennnnen. : SBRB3050TS —
Max. permissible junction temperature Tjmax [ C] 200 —
(according to diode datasheet)...................... :
Detailed description of sample preparation pr.ocedure Standard preparation procedure —
Step 1, Determination of VD versus TJ characteristic —
30+2°C 50+ 2°C 70+ 2°C 90+2°C
Ambient temperature of the junction box ... : 30.0 50.1 70.2 90.3
Pulsed Current........ccocceeevcee v 14.347 14.347 14.347 14.347
Test Report IEC61215:2021
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0.4374 0.4182 0.4007 0.3818
Voltage drop [V] .eeeeeeeeeeeeeeeeeeeceeeeeeseeeennnd 0.4305 0.4100 0.3921 0.3751
0.4335 0.4144 0.3974 0.3775
Diode 1: VD =-0.0009 TJ + 0.4648 —
VD versus TJ characteristiC...........ccoevveiennns Diode 2: VD =-0.0009 TJ + 0.4572
Diode 3: VD =-0.0009 TJ + 0.4612
Max. permissible junction temperature Tjmax [ C] 200 —
(according to diode datasheet)...................... :
Step 2, Bypass diode thermal test
Diode 1 Diode 2 Diode 3 Result
Current flow applied [A] ..cooovveeiieeeee e, : 14.347 14.347 14.347 —
Max. diode surface temperature allowed Tjmax [°C] : 200 200 200 —
Voltage drop [V] after 1h......occoeeeiiieiiiee e, : 0.3328 0.3216 0.3339 —
Calculated max. junction temperature Tjcarc [°C] ....: 146.676 150.707 141.495 —
Tjcalc < Tjmax (test passed)? yes/No .........ccocceveveeenee : yes yes yes P
Current flow (1.25 * ISC) [A] «evvvcviiiiiieieeeieeee : 17.934 17.934 17.934 —
Bypass diode remain(s) functional (yes/no) ........... : yes yes yes P

Remarks: See Table 12 for the test details of bypass diode functionality test.

3 Diodes are considered as representative number. These diodes have to be selected as worst case. In case

that additional bypass diodes tests are performed the results shall be listed in an attachment.

TABLE 09.1: MQT 01 - Visual inspection after bypass diode thermal test P
Test Date [YYYY-MM-DD].....cocoeviiniiniiiienieenieens : 12023-04-25 —
Sample # Nature and position of initial findings — comments or attach photos —

HA2023TL-0093-004X No major visual defects found P
Supplementary information:
TABLE 09.2: MQT 15 - Wet leakage current test after bypass diode thermal test P
Test Date [YYYY-MM-DD] ....ccccocoiiniiiniicnieenieee : 2023-04-25 —
Test Voltage applied [V]...ccoceoiniiiiieeieiniiie, : 1500 —
Solution temperature [°C] ......ccccceeviiieeeiiiiieeennne : 22.5 —
Size of module [M?] .....cooeiiiiiiii : 2.7 —
Solution resistivity [Q cm].......ccoccoviiiiniiiieneee : 2509 —

Sample # Measured [MQ] Limit [MQ] Result

HA2023TL-0093-004X 4720 214.81 P

Supplementary information:
Test Report IEC61215:2021
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TABLE 09.3: MQT 02 — Max. power determination after bypass diode thermal test - Optional —

Test Date [YYYY-MM-DDJ.......ccccovvuvrinnnnst

Module temperature [°Cl........ccoceveerieenennl

Irradiance [W/m?) ...l

Sample #

Vmp [V]

Pmax [W]

FF[%] | —

Supplementary information:

TABLE 09.4: MQT 03 - Insulation test after bypass diode thermal test - Optional

Test Date [YYYY-MM-DD]......ccccccevvveeennes :

Test Voltage applied [V] .ccccevvceeiviieeeenes :

Size of module [M2] .....cccocvviviieieee e, :

Required Resistance [MQ]............ccceeueee. :

Sample| Measured Required

Dielectric breakdown

# MQ MQ

Yes (description)

No

Supplementary information:

TABLE 10: MQT 18.2 - Bypass diode functionality test after bypass diode thermal test

Test Date [YYYY-MM-DDJ.......cccecvvveeviieeeenen, :

2023-04-25

] Method A

Ambient temperature [°C] ........ccoeveiinnld

Current flow applied [A] ......ccccceviinii

Sample # VFM

VEMrated

VFM = (N x VFMrated) = 10 %

Result

] Yes

] No

Supplementary information:

Method B

IV curve after shading

Result

Diode 1 Diode turn on

Diode 2 Diode turn on

Diode 3 Diode turn on

Supplementary information: Sample HA2023TL-0093-004X.
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TABLE 10.1: MQT 19.1 Fin: Final stabilization -
TABLE 10.2: MQT 06.1: Performance at STC before final stabilization -
Test Date [YYYY-MM-DDJ......cccccovvivrirninnnnn’ — —
Test method ... I Simulator L1 Natural sunlight —
Sample # Isc [A] Voc [V] Imp [A] Vmp [V] Pmax [W] FF [%0] =
Supplementary information:
TABLE 10.3: MQT 19.1 Final Stabilization procedure —
Light exposure method ...........ccccoevvevieevnennns [ Simulator [ Natural sunlight —
Stabilization criterion x per IEC 61215-1-X.........: — —
Abbreviation: Regarding light source “S” for Solar simulator and “N” for Natural sunlight
Sample # — Test Date (YYYY-MM-DD) start/end.......... : —
Test cycle :Prt:(%:;itgg Irradiar;ce tex::rljili o | Resistive Tﬁ‘;xe(x\g ;’:} Pmax — Pmin) / | Stable
(KWh/m?) (W/m2) °C) load oycle Paverage (%) | (Yes/No)
Initial — — — — — —
1 — — — — — — —
2 — — — — — — —
3 — — — — — — —
4 — — — — — — —
Supplementary information:
] Other stabilization procedures
Sample# |— Test Date (YYYY-MM-DD) start/end............: —
Test method description:
Supplementary information: See Annex 3 for verification of this alternative stabilization procedure
TABLE 11: MQT 09 - Hot-spot endurance test P

Test Date [YYYY-MM-DD] start/end .........

2023-04-27/2023-04-30

Sample #

HA2023TL-0093-004X

Procedure of technology .........c.ccccveeennne.

U monolithically integrated (MLI) thin film
technologies MQT 09.2

wafer-based technologies (WBT) MQT 09.1

Cell interconnection CirCUit .........cceeevevvnnne.s

s X SP 0 Ps

Test Report IEC61215:2021

ID: 154095 Revision: 1 - released

Effective:2021-06-01

Page 35 of 74

TV

®



Page 36 of 74

Report No. 704062300251-00 part 1 of 2

IEC 61215-2
Clause Requirement + Test Result - Remark Verdict
LI Pulse Simulator —
Type of light SOUICe .......oovvveeiiiiiiieiiee e Steady state Simulator
LI Natural sunlight
Module temperature at thermal equilibrium [°C] .: 55.3/55.9/54.8/56.2 —
TABLE 11.1: MQT 09 - Hot-spot endurance test for WBT P
Selected hot-spot cells..........ccoooevviiiiiiiiiien, : LOW | LOW| LOW | RIGH | Permanent —
Shading rate [96]........ccoeeeviiereeiiee e : 40 40 40 40 — —
Max. measured cell temperature in each cell [°C] 152.6 |150.9| 146.2 | 1435 — —
Test duration of each shading [h] ......ccoceeevnneen. : 1 1 1 1 — —
Irradiance during shading [W/m?] ....................: 1000 | 1000 | 1000 1000 — —
Supplementary information: N/A
TABLE 11.2: MQT 09 - Hot-spot endurance test for MLI —
Selected hot-spot Cells.......ccccevvieeiiiiee e — —
Number of cells shaded...........cccocovveiriiicinicendd — —
Max. measured cell temperature [°C] ................... — —
Test duration during shading [h] ....ccccoviveriinnnl: — —
Irradiance during shading [W/m?] ............... — —
Supplementary information:
TABLE 11.3: MQT 01 - Visual inspection after hot-spot endurance test P
Test Date [YYYY-MM-DD].......cccccevvvevveeninnieenieeneens - [2023-04-30 —
Sample # Nature and position of initial findings — comments or attach photos —
HA2023TL-0093-004X No major visual defects found P
Supplementary information:
TABLE 11.4: MQT 02 - Maximum power determination after hot-spot endurance test P
Test Date [YYYY-MM-DDJ.......ccccccvvvvvieninnieenienens - [2023-04-30 —
Module temperature [°Cl........cccvevvcvniniininnieens. |25 —
Irradiance [W/m?) .......ccccocvvevvieenceninsinsenesieseeenenens | 1000 —
Sample # Isc [A] | Voc [V] Imp [A] | Vmp[V] | Pmax[W] FF [%] —
HA2023TL-0093-004X | 14.320 | 51.221 13.634 42.894 584.832 79.73 P
Supplementary information:
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TABLE 11.5: MQT 02 - Maximum power determination after hot-spot endurance test (at _
BNPI)
Test Date [YYYY-MM-DDJ......ccccccevernerninnenneennns! — —
Module temperature [°Cl......cccocvviirienienieneeeens — —
Irradiance [W/M?2) .......ccoiiiiiiiiene el — —
Sample # Isc [A] Voc [V] Imp [A] Vmp [V] Pmax [W] FF [%] —
Supplementary information:
TABLE 11.6: MQT 03 - Insulation test after hot-spot endurance test P
Test Date [YYYY-MM-DD].....cc.ccvvomuermrereererereeinnn 2023-04-30 —
Test Voltage applied [V] ..o 8000/1500 —
Size of module [M?] ..o 2.70 —
Required Resistance [MQ].......cccccooeeviviiieeiieennnndd 214.81 —
Sample # Measured Required Dielectric breakdown Result
MQ MQ Yes (description) No
HA2023TL- . .
0093-004X >10000 =214.81 No dielectric breakdown X P
TABLE 11.7: MQT 15 - Wet leakage current test after hot-spot endurance test P
Test Date [YYYY-MM-DDJ.......cccocevveriniienienieannns 2023-04-30 —
Test Voltage applied [V] .coovveeeivcieeeee e 1500 —
Solution temperature [°Cl........ccccvvvvvvrviveiinininnnnnnn. : 22.0 —
Size of module [M2] ..o, 2.7 —
Solution resistivity [Q cmM].....ccccoeviieiiiiiiiiieeceee 2292 —
Sample # Measured [MQ] Limit [MQ] Result
HA2023TL-
0093-004X 4380 >14.81 P
Supplementary information: Size of module 2.7[m?]
TABLE 11.8: MQT 18.2 - Bypass diode functionality test after Hot-spot endurance test P
Test Date [YYYY-MM-DDJ......ccccccevveriernnnnnn 2023-04-30 —
1 Method A =
Ambient temperature [°C] ....cccoovviiniiniinniend —
Current flow applied [A] ... —
Test Report IEC61215:2021
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Sample # VEM VFMrated VFM = (N x VFMrated) = 10 % Result

L Yes ] No
Supplementary information:
Method B —
IV curve after shading Result
Diode 1 Diode turn on P
Diode 2 Diode turn on P
Diode 3 Diode turn on P
Supplementary information: Test sample: HA2023TL-0093-004X
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TABLE 12.1: MQT 10 - UV preconditioning test (Front side)

Test Date (YYYY-MM-DD) start/end...............:

2023-02-12/2023-02-17

Module temperature [°C] ......cccovcvveeerniieeenne © |60£5 —
UV irradiance (280-400nm) [W/m?] ............. © [140.6 —
UV dose (280-320nm) [kKWh/ m?] ................ : |0.675 —

Module operation condition

Short circuited LI Open circuited

Supplementary information: Total UV irradiation 15 kWh/m2 in the wavelength range between 280 nm and

400 nm. 4.5% UV irradiation in the wavelength band between 280 nm and 320 nm.

TABLE 12.2: MQT 10 - UV preconditioning test (Back side)

Test Date (YYYY-MM-DD) start/end...............:

Module temperature [°C] .....coevvvvvvvvviveennnnnn. :

UV irradiance (280-400nm) [W/m?] ............. :

UV dose (280-320nm) [KWh/ m?] ................ :

Module operation condition

[ Short circuited 1 Open circuited

Supplementary information:

TABLE 12.3: MQT 01 - Visual inspection after UV preconditioning test P
Test Date [YYYY-MM-DDJ.......ccccccvevvrvvrennennns | 2023-02-17 —
Sample # Nature and position of initial findings — comments or attach photos —
HA2023TL-0093-005X No major visual defects found P
HA2023TL-0093-006X No major visual defects found
TABLE 12.4: MQT 15 - Wet leakage current test after UV preconditioning test P
Test Date [YYYY-MM-DDJ.......ccccceveeneerennene ©12023-02-17 —
Test Voltage applied [V] .....ccooveeveninnienienene : 11500 —
Solution temperature [°Cl......ccccccvvivvevniinennns |22.5 —
Solution resistivity [Q cm]........ccccooiiiiiiiinnnn : 2519 —
Sample # Measured [MQ] Required Resistance [MQ] Result
HA2023TL-0093-005X 4150 214.81 P
HA2023TL-0093-006X 6560 214.81 P
Supplementary information: Size of module 2.7[m?]
TABLE 12.5: MQT 02 — Max. power determination after UV preconditioning test - Optional —
Test Date [YYYY-MM-DD].......c.ovvvvrerirenenst | -
Test Report IEC61215:2021
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Module temperature [°Cl.......cccoevirnieneeneennnn! - —
Irradiance [WIM?2)......ccoooeoeiiniiinee e - —

Sample # Isc [A] Voc [V] Imp [A] Vmp [V] Pmax [W] FF [%] Result
Supplementary information:
TABLE 12.6: MQT 03 - Insulation test after UV preconditioning test - Optional —
Test Date [YYYY-MM-DD].....ccooceevcvveeviiieeennss — —
Test Voltage applied [V] cccceevveeeivciiee e — —
Size of module [M] ..., — —
Required Resistance [MQ]..........cccocvvvvvevnennns — —
Sample # Measured Dielectric breakdown Result

[MQ] Yes (description) No
Supplementary information:
TABLE 13: MQT 20 - Cyclic (dynamic) mechanical Load test P
Test Date [MM/DD/YYYY]...ooieiiininll 2023-02-20/2023-02-24 —
Sample # HA2023TL-0093-005X —
HA2023TL-0093-006X
Temperature of tested module(°C): 25 —
Maximum pressure (Pa) : 1000 —
Pressure tolerance(Pa) : +100 —
Monitoring current (A) 0.14 —
Rate per minute(cycles) : 3/min —
NUumber Of CYCIES ...l 1000 —
Pressure provider (Air pressure or vacuum)........................... | Air pressure —
Cell and alive part broken/ not not
Current continuous (continuous/ disconnection occurred) continuous
Supplementary information: s long frame position by clamp installation
TABLE 13.1: MQT 01 - Visual inspection after Cyclic (dynamic) mechanical Load test P
Test Date [YYYY-MM-DD]......cccoorvrrrrrnnnns 2023-02-24 —
Sample # Nature and position of initial findings — comments or attach photos —
Test Report IEC61215:2021
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HA2023TL-0093-005X No major visual defects found
HA2023TL-0093-006X No major visual defects found
Supplementary information:
TABLE 13.2: MQT 15 - Wet leakage current test after Cyclic (dynamic) mechanical Load P
test
Test Date [YYYY-MM-DD].....ccccoeeviiinniinnnnnnn. 2023-02-24 —
Test Voltage applied [V] .....ccooeereeneneenieneene : |1500 —
Solution temperature [°C] .........cocviiiii 22.2 —
Solution resistivity [Qcm] ... 2519 —
Size of module [M?] ..., 2.7 —
Sample # Measured [MQ] Required Resistance [MQ] Result
HA2023TL-0093-005X 4080 214.81 P
HA2023TL-0093-006X 6690 214.81 P
Supplementary information:
TABLE 14: MQT 11 - Thermal cycling 50 test P
Test Date [YYYY-MM-DD] start/end ......... :12023-02-27/2023-03-07 —
Total cycles (50)..........ccceeeeeeeeeeeeeeeeeee2 |50 —
Weight attached (N) .................................. | B —
During the heat up cycle 13.759 for HA2023TL- —
from -40 °C to 80 °C 0093-005X
Applied current (A) ......cccceeeeeeeeeeeeeeeeenn 13.773 for HA2023TL-
0093-006X
Other stages 0.03 —
Sample # Open circuits (yes/no) —
HA2023TL-0093-005X No P
HA2023TL-0093-006X No
Supplementary information:
TABLE 14.1: MQT 01 - Visual inspection after thermal cycling 50 test P
Test Date [YYYY-MM-DD].......ccovvvrrrrrrrnnnns 2023-03-07 —
Sample # Nature and position of initial findings — comments or attach photos —
HA2023TL-0093-005X No major visual defects found
HA2023TL-0093-006X No major visual defects found P
Supplementary information:
Test Report IEC61215:2021
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TABLE 14.2: MQT 15 - Wet leakage current test after thermal cycling 50 test P
Test Date [YYYY-MM-DD]........ccccevvvevverieninns . 2023-03-07 —
Test Voltage applied [V] .....ccooeeieeneenienieneene : |1500 —
Solution temperature [°C] ...l 21.8 —
Solution resistivity [Qcem] ... 2399 —
Size of module [M?] ..o, 2.7 —
Sample # Measured [MQ] Required Resistance [MQ] Result
HA2023TL-0093-005X 3750 214.81 P
HA2023TL-0093-006X 6230 214.81 P
Supplementary information:
TABLE 14.3: MQT 03 — Max. power determination after thermal cycling 50 test - Optional —
Test Date [YYYY-MM-DDJ.....ccccceevvvreviirnnnnnn: — —
Module temperature [°C]......ccccoveveviiineeeiinnnas — —
Irradiance [W/m32) ........ccccoeieeieeiiecee e - —
Sample # Isc [A] Voc [V] Imp [A] Vmp [V] Pmax [W] FF [%]
Supplementary information:
TABLE 14.4: MQT 03 - Insulation test after thermal cycling 50 test - Optional —
Test Date [YYYY-MM-DD]......cccccevevevrrnnnnne | —
Test Voltage applied [V] .....cocoovviniinenienn i —
Size of module [M?] .....ccooviiiiiiiiieeee i —
Required Resistance [MQ)]...........cccceiinnne i —
Sample Measured Dielectric breakdown Result
# -
[MQ] Yes (description) No
Supplementary information: Size of module [m?]
TABLE 15: MQT 12 - Humidity freeze 10 test P
Test Date [YYYY-MM-DD] start/end ...............: 2023-03-14/2023-03-24 —
Total cycles (10) ....ooovvveiieiieeieeiiieeee e © |10 —
Applied current (A) ..o : 10.03 —
Test Report IEC61215:2021
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Sample # Open circuits (yes/no) —

HA2023TL-0093-005X No

HA2023TL-0093-006X No
Supplementary information:
TABLE 15.1: MQT 01 - Visual inspection after humidity freeze 10 test P
Test Date [YYYY-MM-DD]......ccccoevvvvrirviirnennnn’ 2023-03-24 —
Sample # Nature and position of initial findings — comments or attach photos —

HA2023TL-0093-005X No major visual defects found

HA2023TL-0093-006X No major visual defects found
Supplementary information:
TABLE 15.2: MQT 15 - Wet leakage current test after humidity freeze 10 test P
Test Date [YYYY-MM-DDJ......cccccovrvvrivrriinnnnnn’ 2023-03-24 —
Test Voltage applied [V] ccocceevcveevvciee e 1500 —
Solution temperature [°C]...........cccoeiiill 22,5 —
Size of module [M2] ... 2.7 —
Solution resistivity [Q cm].....ccccovviviiiiiiininnnd 2445 —

Sample # Measured [MQ] Limit [MQ] Result

HA2023TL-0093-005X 3530 21481 P

HA2023TL-0093-006X 6370 21481 P
Supplementary information: Size of module 2.7[m?]
TABLE 15.3: MQT 02 - Maximum power determination after humidity freeze 10 test -Optional —
Test Date [YYYY-MM-DD]......cc.cccvveruerererrennans’ - —
Module temperature [°Cl.......cccoeevvinveneniennnn’ _ —
Irradiance [W/M?) ..o _ —

Sample # Isc [A] Voc [V] Imp [A] Vmp [V] Pmax [W] FF [%]
Supplementary information:
TABLE 15.4: MQT 03 Insulation test after humidity freeze 10 test) -Optional —
Test Date [YYYY-MM-DD].....cc.cccvvevrrrererrrnnns’ — —
Test Voltage applied [V] ...cccoooviiiiiniiiienen _ —
Test Report IEC61215:2021
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Size of module [M?] ..ol - —
Required Resistance [MQ)].......ccccocvvvvvnvcennnns | —
Sample # Measured Required Dielectric breakdown Result
MQ MQ Yes (description) No
Supplementary information: Size of module [m?]
TABLE 16: MQT 14.1 Retention of junction box on mounting surface P
Test Date [YYYY-MM-DD] start/end ...............: 2023-03-25 —
Sample # HA2023TL-0093-005X —
Supplementary information: Pull force is 40N.
TABLE 16.1: MQT 01 - Visual inspection after retention of junction box on mounting P
surface
Test Date [YYYY-MM-DDJ......cccoccvverrvrrenrinnnnnns :12023-03-25 —
Sample # Nature and position of initial findings — comments or attach photos —
HA2023TL-0093-005X No major visual defects found P
Supplementary information:
TABLE 16.2: MQT 15 - Wet leakage current test after retention of junction box on mounting P
surface
Test Date [YYYY-MM-DDJ......ccccocevveevveriennne : 12023-03-25 —
Test Voltage applied [V] cccceevvveveiicieeeiiieeees : (1500 —
Solution temperature [°Cl........vvvvvvvvevvivvnnnnnnn 21.6 —
Size of module [M2] ..., 2.7 —
Solution resistivity [Q cm].....c.ccccvevriiiiiiiinnn : (2270 —
Sample # Measured [MQ] Limit [MQ] Result
HA2023TL-0093-005X 4090 =214.81 P
Supplementary information: Size of module 2.7[m?]
TABLE 17: MQT 11 - Thermal cycling 200 test P
Test Date [YYYY-MM-DD] start/end ...............: 2023-02-09/2023-03-14 —
Total cycles (200)........eevvveeeiiiiiieeniieeee e 200 —
Weight attached (N) ........ocooveiiiiiiniiennd 5 —
Test Report IEC61215:2021
ID: 154095 Revision: 1 - released Effective:2021-06-01 Page 44 of 74
®

TV



Page 45 of 74

Report No. 704062300251-00 part 1 of 2

IEC 61215-2
Clause Requirement + Test Result - Remark Verdict
During the heat up 13.765A for HA2023TL- —
cycle from —40 °C to 0093-009X.
APPIEd CUITENE (A) vvooreerveeeeeeeeeeceeessesee 80°C 13.699A for HA2023TL-
0093-010X.
Other stages 0.03 —
Sample # Open circuits (yes/no) —
HA2023TL-0093-009X no
HA2023TL-0093-010X no
Supplementary information:
TABLE 17.1: MQT 01 - Visual inspection after thermal cycling 200 test P
Test Date [YYYY-MM-DD].....cccceovvininerennnt 2023-03-14 —
Sample # Nature and position of initial findings — comments or attach photos —
HA2023TL-0093-009X No major visual defects found
HA2023TL-0093-010X No major visual defects found
Supplementary information:
TABLE 17.2: MQT 15 - Wet leakage current test after thermal cycling 200 test P
Test Date [YYYY-MM-DD].......cccoceviiirniieninnnnnnenn | 2023-03-14 —
Test Voltage applied [V] .....cccooevininnnenneennnnn: [ 1500 —
Solution temperature [°C]....cccccceeeevivciiiiiinneennnnnn: [21.4 —
Size of module [M?]......cccovieiieiieneneene el | 2.7 —
Solution resistivity [Q cm].......ccccoviniinininnnn | 2417 —
Sample # Measured [MQ] Limit [MQ] Result
HA2023TL-0093-009X 5640 21481 P
HA2023TL-0093-010X 3960 214.81 P
Supplementary information: Size of module [m?]
TABLE 18: MQT 13 - Damp heat 1000 test P
Test Date [YYYY-MM-DD] start/end .............. 2023-02-07/2023-03-21 —
Total hours (1000h) .......cceeeiiiiiiiiiiiiieeeie : 1000 —
Sample # —
HA2023TL-0093-007X No
HA2023TL-0093-008X No
Supplementary information:
Test Report IEC61215:2021
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TABLE 18.1: MQT 01 - Visual inspection after damp heat 1000 test P
Test Date [YYYY-MM-DD]........ccccevvvevvennnnnl 2023-03-21 —
Sample # Nature and position of initial findings — comments or attach photos —

HA2023TL-0093-007X No major visual defects found

HA2023TL-0093-008X No major visual defects found
Supplementary information:
TABLE 18.2: MQT 15 - Wet leakage current test after damp heat 1000 test P
Test Date [YYYY-MM-DD]......c.cccovvrrrmerrrernnns 2023-03-21 —
Test Voltage applied [V].......ooeeeeeeeeeeeee. ;11500 —
Solution temperature [°C]......ccccceeeviiiivineennn. © 219 —
Size of module [M?] ...l 2.7 —
Solution resistivity [Q cm]..........ccooviviiienl 2208 —

Sample # Measured [MQ] Limit [MQ] Result

HA2023TL-0093-007X 5030 214.81 P

HA2023TL-0093-008X 6920 214.81 P
Supplementary information: Size of module 2.7[mZ2]
TABLE 18.3: MQT 02 - Maximum power determination after damp heat 1000 test - Optional —
Test Date [YYYY-MM-DD]......cccccoevvvevirnnnnn: - —
Module temperature [°Cl.....cccccoceeveerenerernnn: — —
Irradiance [W/IM?) .....cccoeveeiiinieeeee el — —

Sample # Isc [A] |Voc [V] Imp [A] Vmp [V] Pmax [W] FF [%] Result
Supplementary information:
Test Report IEC61215:2021
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TABLE 18.4: MQT 03 - Insulation test after damp heat 1000 test - Optional —
Test Date [YYYY-MM-DDJ.......ccccceveeneeneeneens N —
Test Voltage applied [V] .....ccooeereeneenienieneene N —
Size of module [M?] ..o, - —
Sample # Measured Required Dielectric breakdown Result
Resistance
MQ] [MQ] Yes (description) No

Supplementary information: Size of module [m?]
TABLE 19: MQT 16 Static mechanical load test P
Sample #: HA2023TL-0093-007X —
Design load(front side/ back side)................. : [3600/1600 —
Safety factors ........ccccvvvvvveiiiiiiiiiiiiens (1.5 —
Test Date [YYYY-MM-DD].....ccccocoevriennniiennnn. 2023-03-22 —
Mounting method ..........ccccevvvvvviviiviiieiiieee, : | According to user manual —
Load applied t0........ccccevvvvvvvvieiiiiieieieeeeeeeeee : front side back side —
Mechanical load [Pa].......ccccccvvvvvviviiiiiiiiieeennd 5400 2400 —
First cycle time (start/end)........cccccevvvvvvveeennnnd 08:20/09:20 09:40/10:40 —
Intermittent open-circuit (yes/no) .................... no no P
Second cycle time (start/end) ...........ccccvvnnnnnl 11:05/12:05 12:20/13:20 —
Intermittent open-circuit (yes/no) .................... no no P
Third cycle time (start/end) ........................... 13:45/14:45 15:00/16:00 —
Intermittent open-circuit (yes/no) .................... no no P
Supplementary information: ’ long frame position by clamp installation
TABLE 19.1: MQT 01 - Visual inspection after static mechanical load test P
Test Date [YYYY-MM-DDJ.......ccccceveerennennnt 2023-03-22 —
Sample # Nature and position of initial findings — comments or attach photos —

HA2023TL-0093-007X No major visual defects found P
Supplementary information:
TABLE 19.2: MQT 15 - Wet leakage current test after static mechanical load test P
Test Date [YYYY-MM-DDJ.......cccccevveerienieenienl 2023-03-22 —

Test Report IEC61215:2021
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Test Voltage applied [V]....ccccooviviiiiiiinennn 1 11500 —
Solution temperature [°Cl.......ccccoviveeeiiiineeenns s (217 —
Size of module [M?] ..ol | 2.7 —
Solution resistivity [Q cm] .....cccceevieiviineneel | 2459 —
Sample # Measured [MQ] Limit [MQ] Result

HA2023TL-0093-007X 4910 214.81 P
Supplementary information:
TABLE 20: MQT 22 Bending test —
Test Date [YYYY-MM-DD].....ccocceevvivreviiieennnns S —
Sample # : - —
Specified radius of curvature .............cccuueee. i —
Bending radius .........ccccvvvvvvviiiiiiieieieeeeeeeeee, i —
Total cycCles......ooooveeeeie i —
Intermittent open-circuit (yes/no) .................. i
Supplementary information: may need to be performed with each mounting situation
TABLE 20.1: MQT 01 - Visual inspection after bending test —
Test Date [YYYY-MM-DDJ....cccooccvvvvveevivinnenss | — —
Sample # |Nature and position of initial findings — comments or attach photos —
Supplementary information:
TABLE 20.2: MQT 15 - Wet leakage current test after bending test —
Test Date [YYYY-MM-DD]......ccoovvruevrereraanl | —
Test Voltage applied [V]....ccccoovviieiiiiinenn i —
Solution temperature [°Cl.......cccovvieeeiiineennne i —
Size of module [M?] ......ccoviiiiininiel | T —
Solution resistivity [Q cm] ...l [T —
Sample # Measured [MQ] Limit [MQ] Result
Supplementary information:
TABLE 21: MQT 17 - Hail impact test P
Test Date [YYYY-MM-DD]........cccevveruenne : |2023-03-23 —
Sample # HA2023TL-0093-008X —
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1 2 3 4 5 6
255 | 244 | 245 25.4 24.7 24.3
Ice ball size [MM] ....ooooiieiiiiiiie : —
7 8 9 10 11 /
249 | 25.1 25.0 25.2 25.9 /
1 2 3 4 5
_ 7.70 | 7.25 7.78 7.58 7.78 7.45
Ice ball weight [g] ...oooovveveiiiiieiieeee —
7 8 9 10 11 /
7.38 | 7.45 7.56 7.79 7.81 /
1 2 3 4 5 6
_ 225 | 22.6 22.7 22.8 23.1 225
Ice ball velocity [M/S].....cccvvvvvviviiiiiiieinnnnss —
7 8 9 10 11 /
22.8 | 23.0 22.8 234 22.7 /
Number of impact locations ................... ©o |11 —
Supplementary information: (impact location descriptions)
8\ " 9 and 1(?»
— ==
=E= I — ——— —
1 5 1 1 1 ) N |
N S O —
T O A S O
1 5
—— ——
EEEEEEESEE
’ ;an; 6 I;and ‘4 2‘ 1
TABLE 21.1: MQT 01 - Visual inspection after hail impact test P
Test Date [YYYY-MM-DDJ......cccocovrvuvrinnnnnst 2023-03-23 —
Sample # Nature and position of initial findings — comments or attach photos —
HA2023TL-0093-008X No major visual defects found P
Supplementary information:
TABLE 21.2: MQT 15 - Wet leakage current test after hail impact test P
Test Date [YYYY-MM-DD]........cceveeruenne . |2023-03-23 —
Test Voltage applied [V]...cccooeeeviiiinennnn 1500 —
Solution temperature [°C].......cccccceeeriinnna 22.4 —
Solution resistivity [Q cm] ......cccceevinnnn 2.7 —
Size of module [M?]........cccviviiiiiiniieen, : 2509 —
Test Report IEC61215:2021
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Sample # Measured [MQ] Required Resistance [MQ] Result
HA2023TL-0093-008X 6740 214.81 P
Supplementary information:
TABLE 22: MQT 15 -Potential induced degradation test P
Test Date [MM/DD/YYYY] start/end............. : 2023-03-01/2023-03-06 —
Chamber air temperature ( °C) ......ccccvvevvnnen. 1185 —
Chamber relative humidity ( % RH) ............... 1185 =
Test duration hours (h) ......ccccoviiiiiiiieen, 1196 —
Sample # Applied voltage stress (V) and polarities —
HA2023TL-0093-024X +1500 P
HA2023TL-0093-025X +1500 P
HA2023TL-0093-026X -1500 P
HA2023TL-0093-027X -1500 P

Supplementary information: Dwell times 96 hours at the above stated temperature and relative humidity (not
including stabilization).Method (a) according to IEC TS62804-1:2015

TABLE 22.1: MQT 01 - Visual inspection after potential induced degradation test P
Test Date [YYYY-MM-DD].........ccceeveeennees | 2023-03-06 —
Sample # Nature and position of initial findings — comments or attach photos —
HA2023TL-0093-024X No major visual defects found P
HA2023TL-0093-025X No major visual defects found P
HA2023TL-0093-026X No major visual defects found P
HA2023TL-0093-027X No major visual defects found P

Supplementary information:

TABLE 22.2: MQT 15 - Wet leakage current test after potential induced degradation test P
Test Date [YYYY-MM-DD].......ccccceveennenne : [2023-03-06 —
Test Voltage applied [V]......c.ccocoveeeenee s [ 1500 —
Solution temperature [°Cl......ccccccvvvvenens 22,2 —
Solution resistivity [Qcm] ......ccccevven 2.7 —
Size of module [M?] ... o [2591 —
Sample # Measured [MQ] Required Resistance [MQ] Result
HA2023TL-0093-024X 6130 214.81 P
HA2023TL-0093-025X 3590 214.81 P
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HA2023TL-0093-026X 4140 214.81
HA2023TL-0093-027X 6350 214.81
Supplementary information:
TABLE 23: MQT 19.2 Fin: Final stabilization —
TABLE 23.1: MQT 06.1: Performance at STC before final stabilization —
Test Date [YYYY-MM-DD].....cccceeovvernens = —
Test method ... : | O Simulator [ Natural sunlight =
Sample # Isc [A] Voc [V] Imp [A] Vmp [V] Pmax [W] FF [%] Result
Supplementary information:
TABLE 23.2: MQT 19.1 Final Stabilization procedure —
OIEC 61215-1-2 JIEC 61215-1-3 JIEC 61215-1-4 —
Light exposure method: U Simulator [ Natural sunlight
Stabilization criterion x per IEC 61215-1-x : —
Abbreviation: Regarding light source “S” for Solar simulator and “N” for Natural sunlight
Sample # Test Date (YYYY-MM-DD) start/end..: —
Integrated . Module " Pmax (W) at .
Test cycle | irradiation Irr(?/\(lj;;r;;:e temperature Relzggve the end of PF';”aX P?f%))/ (2221]%)
(kwh/m?2) (°C) cycle average
Initial — — — — — — —
1 J— J— J— J— J— J— J—
2 J— J— J— J— — — J—
3 J— J— J— J— — — J—
4 — — — — — — —
Sample # Test Date (YYYY-MM-DD) start/end —
Test Report IEC61215:2021
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Test cycle :?rtae(?i:;itgg IELIENES terﬁﬂsgrle]\ltelzjre RESENTE TPT;X e(an) (?ft Pinex SiBmn) (8 Stable
(KWh/m?) (W/m2) C) load Bycle Paverage (%) | (Yes/No)
Initial — — — — — — —
1 — — — — — — —
2 — — — — — — —
3 — — — — — — —
4 — — — — — — —
Sample # Test Date (YYYY-MM-DD) start/end —
Test cycle :?r'[:c%:litgg Irr(?/\clj/i;r;;:e terwr?grlejlltire Re;zi;:jive Izt);gx e(x\(? j‘ft P;;Z; PE};/”O))/ (5 éimi)
(kWh/m?2) (°C) cycle 9
Initial — — — — — — —
1 — — — —_ — — —_
2 — — — - — — —
3 — — — — — — —
4 — — — —_ — — —
Sample # Test Date (YYYY-MM-DD) start/end..: —
Test cycle Ii?rtsggcitgg Irradiar;ce terw;grle{lltire Resistive T;:;Xénwd) (?ft Pmax — Pmin) / | Stable
(KWh/m?) (W/m?) “C) load cycle Paverage (%) | (Yes/No)
Initial — — — — — — —
1 — — — — — — —
2 — — — — — — —
3 — — — — — — —
4 — — — — — — —
Sample # Test Date (YYYY-MM-DD) start/end —
Test cycle Ii?rf&?citgg Irradiar;ce terrl\:lp?grtzjiltire RESEYR TFT;X e(an) fft Prmex —Pmin) /| Stable
(KWh/m?) (W/m?) =C) load cycle Paverage (%) | (Yes/No)
Initial — — — — — — —
1 — — — — — — —
2 — — — — — — —
3 — — — — — — —
4 — — — — — — —
Sample # Test Date (YYYY-MM-DD) start/end.....: —
Test Report IEC61215:2021
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Test cycle :?rtaec?ig;itgg '”(3\‘,’/‘;2;36 terﬁﬂr?grgtire Relziggve TPT;X e(an) (?ft P;:IZ; PEE/”O))/ ($ ;2211?))
(KWh/m2) (°C) cycle 9e
Initial — — — — — — —
1 — — — — — — —
2 — — — — — — —
3 — — — — — — —
4 — — — — — — —
Sample # Test Date (YYYY-MM-DD) start/end —
Test cycle :?r'[:c%zitgg Irr(s\clj/igqr;;:e terﬁﬂr?grlz;ltire Relzi;::jive Izt);gx e(an) jlft P;;Z; PE};/”O))/ (5 éimi)
(kWh/m?2) (°C) cycle 9
Initial — — — — — — —
1 — — — —_ — — —_
2 — — — - — — —
3 — — — — — — —
4 — — — —_ — — —
Supplementary information:
[ Other stabilization procedures
Sample# |Test Date (YYYY-MM-DD) start/end
Test method description:
Supplementary information: see Annex 3 for verification of this alternative stabilization procedure
TABLE 23.3: MQT 19.2 Fin: Final stabilization —
OIEC 61215-1-1 —
OMethod 1 —
Stress-specific stabilization —= BO LID (MQT 19.3) —
Test Date [YYYY-MM-DD].......c..cccouun.e. S —
Applied current (A) .oooeveveneneeeen, i —
Module temperature [°Cl........ccccovvvrnenne i —
Total hours (48h) ....cooevvieiiiiiiieee, i —
Test Report IEC61215:2021
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Performance at STC after final stabilization— for monofacial modules
Test Date [YYYY-MM-DDJ........cccevuvrnnen. = —
Test method ... | O Simulator L1 Natural sunlight —
SEDE 1 Power
Sample # | Isc [A] [ Voc [V] | Imp [A] |Vmp [V]| Pmax [W]| FF [%] (Lab B - Result
_GateNo.1) | ~9
Performance at BNPI after final stabilization — for bifacial modules —
Test Date [YYYY-MM-DDJ.........ccccveenne = —
Test method........ccvvvviiiine e, | O Simulator ] Natural sunlight —
S (158 Power
Sample # | Isc [A] [ Voc [V] | Imp [A] |Vmp [V]|Pmax [W]| FF [%] (Lab Dearadation Result
_GateNo.1) 9
Supplementary information:
XMethod 2 P
Performance at STC before final stabilization— for monofacial modules —
Test Date [YYYY-MM-DD]......c..cccvvvvrnen. . 12023-03-24 —
Testmethod........ccovevviieiene e, : Simulator L] Natural sunlight —
e 1 Power
Sample # | Isc [A] [ Voc [V] | Imp [A] |Vmp [V]|Pmax [W]| FF [%] (Lab Dearadation Result
_GateNo.1) 9
HA2023TL-
0093-007X 14.047 | 51.131 | 13.386 | 42.900 | 574.254 | 79.95 588.687 -2.45 P
HA2023TL-
0093-008X 14.091| 51.100 | 13.402 | 42.899 | 574.930 | 79.84 590.511 -2.64 P
Performance at BNPI before final stabilization — for bifacial modules —
Test Date [YYYY-MM-DDJ.........ccccveenne = —
Test method ..o | O Simulator [J Natural sunlight —
e 1 Power
Sample # | Isc[A] [ Voc [V] | Imp [A] |Vmp [V]| Pmax [W] | FF [%] (Lab Dearadation Result
_GateNo.1) 9
Test Report IEC61215:2021
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Verdict

Supplementary information: This module was not stabilized, and therefore the amount of degradation
observed may be larger than what would have been obtained if the module had been stabilized, due to

destabilization artifacts.

If Power Degradation=25%, then perform stress-specific stabilization MQT 19.3 in method 1

Stress-specific stabilization — BO LID (MQT 19.3)

Test Date [YYYY-MM-DDJ........cccccveennenne :

Applied current (A) ..oocvveeveneeneeieee, :

Module temperature [°Cl........cccceecvvrnenne :

Total hours (48h) ....cooceeviiiiiiiiieieen, :

Performance at STC after final stabilization — for monofacial modules

Test Date [YYYY-MM-DDJ........ccccevuvrnnen. :

Testmethod ..o, :

] Simulator

[ Natural sunlight

Sample # | Isc [A] [ Voc [V] | Imp [A]

Vmp [V]| Pmax [W]

FF [%]

Pmax [W]
(Lab
_GateNo.1)

Power
Degradation

Performance at BNPI after final stabilization — for bifacial modules

Test Date [YYYY-MM-DDJ.........ccccvveeenns :

Testmethod ... :

[0 Simulator

[ Natural sunlight

Sample # | Isc[A] | Voc [V] | Imp [A]

Vmp [V]| Pmax [W]

FF [%]

Pmax [W]
(Lab
_GateNo.1)

Power
Degradation

Result

Supplementary information:

TABLE 23.4: MQT 19.2 Fin: Final stabilization

[OMethod 3

Test Date (YYYY-MM-DD) start/end........ :

Test duration () .......coceviiiininniieniee :

Module temperature [°C] ........cccveeennee :

UV irradiance (280-400nm) [W/m?] ....... :

UV dose (280-320nm) [kWh/ m?] .......... :

UV dose (280-400nm) [KWh/ m?] .......... :

Side exposed .......cccccevviiiiiiiiiiee e :

] Front side

] Rear

side

Module operation condition

] Short circuited

[J Open circuited
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Verdict

Supplementary information: For bifacial modules, the irradiance shall be applied to the rear side, whereas
for monofacial modules, the irradiance shall be applied to the front side.

Performance at STC after final stabilization— for monofacial modules —
Test Date [YYYY-MM-DDJ........ccccevvrnnen. = —
Test method ... | O Simulator L1 Natural sunlight —
SIEDE 1 Power
Sample # | Isc [A] [ Voc [V] | Imp [A] |Vmp [V]|Pmax [W]| FF [%] (Lab B - Result
_GateNo.1) | ~°9
Performance at BNPI after final stabilization — for bifacial modules —
Test Date [YYYY-MM-DDJ.........ccccvveenne = —
Test method........ccovevvivniiinec, | O Simulator L] Natural sunlight —
S (158 Power
Sample # | Isc [A] [ Voc [V] | Imp [A] |Vmp [V]|Pmax [W]| FF [%] (Lab Dearadation Result
_GateNo.1) 9
Supplementary information:
XMethod 4 P
Performance at STC before final stabilization— for monofacial modules —
Test Date [YYYY-MM-DDJ........cccevuvrnen. : |2023-03-06 —
Test method ... : Simulator [0 Natural sunlight =
SIS (1541 Power
Sample # | Isc[A] [ Voc [V] | Imp [A] |Vmp [V]| Pmax [W] | FF [%] (Lab Deqradation Result
_GateNo.1) 9
HA2023TL-
0093-024X 14.225( 51.203 | 13.599 | 43.214 | 587.672 | 80.68 592.274 -0.78 P
HA2023TL-
0093-025X 14.244 | 51.153 | 13.577 | 43.241 | 587.072 | 80.57 591.460 -0.74 P
HA2023TL-
0093-026X 14.116 | 51.382 | 13.507 | 43.213 | 583.692 | 80.48 590.183 -1.10 P
HA2023TL-
0093-027X 14.103 | 51.193 | 13.536 | 42.903 | 580.742 | 80.44 590.454 -1.64 P
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Performance at BNPI before final stabilization — for bifacial modules —
Test Date [YYYY-MM-DDJ........ccccevvrnnen. = —
Test method ... : | O Simulator L1 Natural sunlight —
S Power
Sample # | Isc [A] [ Voc [V] | Imp [A] |Vmp [V]| Pmax [W]| FF [%] (Lab B - Result
_GateNo.1) | ~9

Supplementary information: This module was not stabilized, and therefore the amount of degradation

observed may be larger than what would have been obtained if the module had been

stabilized, due to polarization artifacts

If Power Degradation=5%, then perform method 3 final stabilization

Method 3

Test Date [YYYY-MM-DD].....ccccccevvvenenne :

Test duration (N)......cccceevvceevvcne e :

Module temperature [°C] ......ccevvvvvveeeeee. :

UV irradiance (280-400nm) [W/m?] ....... :

UV dose (280-320nm) [KWh/ m?] .......... :

UV dose (280-400nm) [KWh/ m?] .......... :

Side exposed ........ccccvvevviiiiiiiiii. :

O Front side

O Rear side

Module operation condition

O Short circuited

O Open circuited

Performance at STC after final stabiliz

ation — for monofacial modules

Test Date [YYYY-MM-DDJ.........ccccveeenne :

Testmethod........ccovevviieiene e, | O Simulator L] Natural sunlight —
e 1 Power
Sample # | Isc [A] [ Voc [V] | Imp [A] |Vmp [V]|Pmax [W]| FF [%] (Lab Dearadation Result
_GateNo.1) 9
Performance at BNPI after final stabilization — for bifacial modules —
Test Date [YYYY-MM-DD].....cccccoevevvnnne D= —
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Test method ... | O Simulator L1 Natural sunlight —
S Power
Sample # | Isc [A] [ Voc [V] | Imp [A] | Vmp [V]|Pmax [W]| FF [%] (Lab : Result
Degradation
_GateNo.1)
Supplementary information:
TABLE 23.5: MQT 06.1: Final Performance at STC P
Test Date [YYYY-MM-DD].......ccccceeeennenne. : 2023-03-24 —
TesSt Method .......ocovveiiiec e | X Simulator O Natural sunlight —
Pmax [W] Power Result
Sample # Isc[A] | Voc [V] | Imp [A] | Vmp [V] [ Pmax [W] | FF [%] | (Lab _Gate | Degradation
No.1) [%]
HA2023TL-
0093-001X 14.322 | 51.336 | 13.673 | 43.215 | 590.905 | 80.37 | 589.828 +0.18 P
HA2023TL-
0093-005X 14.240 | 51.072 | 13.578 | 42.892 | 582.389 | 80.08 | 590.399 -1.36 P
HA2023TL-
0093-006X 14.274 | 51.110 | 13.586 | 42.843 | 582.056 | 79.78 | 589.888 -1.33 P
HA2023TL-
0093-007X 14.047 | 51.131 | 13.386 | 42.900 | 574.254 | 79.95 | 588.687 -2.45 P
HA2023TL-
0093-008X 14.091 | 51.100 | 13.402 | 42.899 | 574.930 | 79.84 | 590.511 -2.64 P
HA2023TL-
0093-009X 14.260 | 51.234 | 13.627 | 43.015 | 586.175 | 80.23 | 592.827 -1.12 P
HA2023TL-
0093-010X 14.271 | 51.135 | 13.598 | 43.002 | 584.719 | 80.13 | 590.277 -0.94 P
HA2023TL-
0093-024X 14.225 | 51.203 | 13.599 | 43.214 | 587.672 | 80.68 | 592.274 -0.78 P
HA2023TL-
0093-025X 14.244 | 51.153 | 13.577 | 43.241 | 587.072 | 80.57 | 591.460 -0.74 P
HA2023TL-
0093-026X 14.116 | 51.382 | 13.507 | 43.213 | 583.692 | 80.48 | 590.183 -1.10 P
HA2023TL-
0093-027X 14.103 | 51.193 | 13.536 | 42.903 | 580.742 | 80.44 | 590.454 -1.64 P

Supplementary information: Pmax [W] (Lab_GateNo.1) is calculated by considering the reproducibility r of

control module (reproducibility r is 0.23%).

For bifacial modules

TABLE 23.6: MQT 06.1 ini: Performance at STC after final stabilization (Front side)

Test Date [YYYY-MM-DD]
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Test method ...l I Simulator L1 Natural sunlight —
Sample # Isc [A] Voc [V] Imp [A] Vmp [V] Pmax [W] FF [%] Result
Supplementary information:
TABLE 23.7: MQT 06.1 ini: Performance at STC after final stabilization(Back side) N
Test Date [YYYY-MM-DD].....ccccccevcvveeennns = —
Testmethod................coo O Simulator [J Natural sunlight =
Pmax
Sample# | Isc[A] | Voc [V] | Imp [A] [ Vmp [V] W] FF[%]| @isc Pvoc PPmax Result
Supplementary information:
TABLE 23.8: MQT 06.1: Final Performance at BNPI —
Test Date [YYYY-MM-DD].........cccc..co....... R p— —
Test method...........cooiiiiiiil O Simulator [J Natural sunlight —
vm Pmax [W] Power Result
Sample # | Isc [A] | Voc [V] | Imp [A] [V]p Pmax [W] | FF [%] (Lab Degradation
_GateNo.1) [%0]

Supplementary information:

control module.

Pmax [W] (Lab_GateNo.1) is calculated by considering the reproducibility r of

TABLE 23.9: MQT 03 fin: Final Insulation test P
Test Date [YYYY-MM-DD].......ccccceveennenne : 2023-03-24 —
Test Voltage applied [V] .....ccoveveereenenne : 8000/1500 —
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Size of module [M?] ... : 2.7 —
Required Measured Dielectric breakdown Result
Sample # —
MQ MQ Yes (description) No
HA2023TL- . .
0093-001X 214.81 >10000 No Dielectrical breakdown X P
HA2023TL- . .
0093-005X 214.81 >10000 No Dielectrical breakdown X P
HA2023TL- . .
0093-006X 214.81 >10000 No Dielectrical breakdown X P
HA2023TL- . .
0093-007X 214.81 >10000 No Dielectrical breakdown X P
HA2023TL- . .
0093-008X 214.81 >10000 No Dielectrical breakdown X P
HA2023TL- . .
0093-009X >14.81 >10000 No Dielectrical breakdown X P
HA2023TL- . .
0093-010X >14.81 >10000 No Dielectrical breakdown X P
HA2023TL- . .
0093-024X 214.81 >10000 No Dielectrical breakdown X P
HA2023TL- . .
0093-025X 214.81 >10000 No Dielectrical breakdown X P
HA2023TL- . .
0093-026X 214.81 >10000 No Dielectrical breakdown X P
HA2023TL- . .
0093-027X 214.81 >10000 No Dielectrical breakdown X P
Supplementary information: The measurement limit of the equipment is 10000MQ.
TABLE 23.10: MQT 15 fin: Final Wet leakage current test P
Test Date [YYYY-MM-DDJ .......ccccvveviveereinnnnnn. : 2023-03-24 —
Test Voltage applied [V].....oooveieiii, : 1500 —
Solution temperature [°Cl........uvvvvvvevvvvirierninnnnns : 22.2 —
Size of module [M?] ..o : 2.7 —
Solution resistivity [Q cm].......cccccovvininiininnes : 2299 —
Sample # Measured [MQ] Limit [MQ] Result
HA2023TL-0093-001X 5930 214.81 P
HA2023TL-0093-005X 4160 214.81 P
HA2023TL-0093-006X 6110 214.81 P
HA2023TL-0093-007X 5150 214.81 P
HA2023TL-0093-008X 6640 214.81 P
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HA2023TL-0093-009X 5830 214.81 P
HA2023TL-0093-010X 4290 214.81 P
HA2023TL-0093-024X 6130 214.81 P
HA2023TL-0093-025X 3590 214.81 P
HA2023TL-0093-026X 4140 214.81 P
HA2023TL-0093-027X 6350 214.81 P
Supplementary information:
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Annex 1-1: Product Description Sheet (Manufacturers and type references)

Iltem1
All MODULE TYPE/S
a) RSM144-10-xxxN, xxx= 575 to 615 in step of 5,
b) RSM120-10-xxxN, xxx= 480 to 505 in step of 5,
¢) RSM108-10-xxxN, xxx= 430 to 460 in step of 5
XXX is standing for rated output power at STC
Al2 MODULE DESIGN
Module dimensions (L x W x H) [mm] ..................: [&) 2382x 1134 x 30
b) 1994 x 1134 x 30
) 1800 x 1134 x 30
WEIGNES 1. veveereeeereeeeereereeeeereeeseeeeseeneenenennennn s | ) 30.0 kg (@Pprox)
b) 25.0 kg (approx)
¢) 22.0 kg (approx)
Front/Rear cover bonding classification ...............: rigid/flexible
U rigid/rigid
U] flexible/flexible
Al.3 SOLAR CELL
Cell type refereNnCe ...o..ovvvvveveeeeesreeeseceeenennn . | RIS€N Energy Co., Ltd.
Mono-Si, N-type, Bifacial TOPCon Cell,
Cell type: RSTCS192B(16BB), ¥ cut cell.
Cell dimensions L X W X T (x %) [mm] ................ ©1182.2x96+3
Cell thickness [UM] ....oeveiiiiiiieiieee e © 113013
Cell area [Cm2] .....ooooiiiiieiiiiieee e © 117419 +£5.61
AlA4 IDENTIFICATION OF MATERIALS
FIONE COVET..verveeereveseeeeeseeseeerseenrenresseneesnennennnn s | F1BE Glass Group Co., Ltd.
Type: Coating tempered glass,
Thickness: 3.2 mm
REAI COVET .....cveveeeeeeereeereeeeeeeeeeeseseeeeeeeeen .| CTOWN Advanced Material Co.,Ltd.
Model: Crown BO-L3, Material:
PET (air side)(White)/adhesive/PO(Cell
side) (white),
Thickness: 165/10/185.total 360um.
Color: White
Encapsulation material front Side ...........cocoevvu. E[‘dejiang Sinopont Technology Co.,
Type: PO8110 (close to glass). Material:
POE. Thickness: 0.50mm.
Test Report IEC61215:2021
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Encapsulation material back side............ccccceeeenl

Zhejiang Sinopont Technology Co.,
Ltd.

Type: 7100 (close to backsheet).Material:
EVA. Thickness: 0.50mm.

Frame pars ............ccc.e...

Risen (Ningbo) New Material Co.,Ltd.
Anodized aluminum alloy, type:
6005 T6 assembled by key corners.

Thickness: 30mm

Mounting parts..................

N/A

Adhesive for frame .........

Hangzhou Zhijiang Silicone Chemicals
CO., LTD.

Type: JS-606
Edge sealing ......ccccooeii e N/A
INternal WiriNg .....ccooeeeeeeeerccccc e N/A

Cell connector..................

Risen (Ningbo) New Material Co.,Ltd.
Base Cu (TU1),Purity=99.97%.Coating:

Sn60Pb40.Cross section: ® 0.25 mm
Singleside coating thickness:17 um

String connector ..............

Risen (Ningbo) New Material Co.,Ltd.
Base Cu (TU1).Purity 299.97%. Coating:
Sn60Pb40.Cross section: 4 x 0.25 mm / 4
x 0.40 mm

Average tin layer thickness on the
welding surface:23 ym

Soldering material..........cococveeiniiieennieeeee e N/A
FIUXING A0ENT .....oeiiiiiiiieiiie e ASAHI SOLDER
Type: SF105

Junction boX.......cceeeveennn.

Zhejiang Twinsel Electronic
Technology Co.,Ltd.

Type: PV-SY017, DC 1500 V, 20 A, IP
68, -40 °C to 85 °C

Zhejiang Twinsel Electronic
Technology Co.,Ltd.

Type:62930 IEC131 1x4mm2, DC1500V,
-40 °C to 90 °C (Type: H1z22Z72-K,
1x4mmz2, DC 1500V, -40 °C to 90 °C)

CoNNECtOr .....cccevvvvvneiinnens

Zhejiang Twinsel Electronic
Technology Co.,Ltd.
Type PV-SY02, DC 1500 V,30 A, IP 68,

-40 °C to 85 °C.

Bypass diode ...................

Zhejiang Twinsel Electronic
Technology Co.,Ltd.

Schottky, Type: SBRB3050TS,
Max. peak reverse voltage 50 V,
Forward Rectified current 30 A.

Max junction temperature 200 °C(t< 1 h)

ID: 154095
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Potting material...........ccooiiiiiiii e

Hangzhou Zhijiang Silicone Chemicals
CO., LTD.

Type: JS-1184

Adhesive for junction boX ........ccccciiiiiiiiin

Hangzhou Zhijiang Silicone Chemicals
CO., LTD.

Type: JS-606

Additional material (e. g. fixing tape, insulation

Fixing tape: Huizhou Zhikuan
Technology Co.,Ltd.

Special acrylic adhesive, PET substrate,
Type:HZ UV-100

Label:

Seaprinting Changzhou CO., LTD.
Type: Seaprinting-TC-04, Asian Silver
PET (AVERY 50 micron Matte silver PET
TC/S333BG50#WH imp)

Al5 MODULE DESIGN - MINIMUM DISTANCES
Between cells...........cceeeeeeiiiieiiieeeeeeeeee . 10,81 mm
Between cell and accessible surfaces................... [10.4 mm
Between any current carrying part and accessible |10.4 mm
SUMACES .coieiieeeeeeeeeeeeeeeeeeeeeee ettt
Al.6 MODULE DESIGN - ELECTRICAL CONFIGURATION
Total number of CellS .......cocevevveeeeeeeeeeeeeeenen | @) 144
b) 120
c) 108
Serial-parallel connection of cells...........c.ccccevenens | @) 7212
b) 60/2
c) 54/2
Cells per bypass diode ........c.ccccoccvvvveeeceeernan. s | @) 48/48/48
b) 40/40/40
c) 36/36/36
No. of bypass diodes.........c.cccccoeverrcecieeesesennnnn s | &) 3 diodes
b) 3 diodes
c¢) 3 diodes
Test Report IEC61215:2021
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Annex 1-2: Product Description Sheet (Manufacturers and type references)

Iltem2
All MODULE TYPE/S
d) RSM144-9-xxxN, xxx= 555 to 590 in steps of 5
€) RSM120-9-xxxN, xxx= 460 to 490 in steps of 5
f) RSM108-9-xxxN, xxx= 415 to 440 in steps of 5
xxX is standing for rated output power at STC
Al2 MODULE DESIGN
Module dimensions (L x W x H) [mm] ..................: |d) 2278 x 1134 x 30
€) 1903 x 1134 x 30
f) 1722 x 1134 x 30
WEIGNES +...eeveeeeeeeeeeeeeeeeeeeseneeneeeneereseenenenennn | @) 27.0 kg (2PProx)
e) 23.5 kg (approx)
f) 20.5 kg (approx)
Front/Rear cover bonding classification ...............: rigid/flexible
U rigid/rigid
U] flexible/flexible
Al.3 SOLAR CELL
Cell type refErenCe ...o..ovvrvveveereeesreeesseeeenenn . | RIS€N Energy Co., Ltd.
Mono-Si, N-type, Bifacial Topcon Cell ,
Cell type: RSTCS182B(16BB), ¥ cut cell.
Cell dimensions LX W X T (x %) [mm] ................ ©1182.2x91+3
Cell thickness [UM] ..., : 1130+ 13
Cellarea[cm] .......ccceeiiiiii . 1165.08 + 5.46
AlA4 IDENTIFICATION OF MATERIALS
FIONE COVET..verveverevereeeeeeeeseesrseenressesseneennennennnn s | F1BE Glass Group Co., Ltd.
Type: Coating tempered glass,
Thickness: 3.2 mm
REAI COVEN ......orvvirireiiieisieieisiseiesseissneenenenn .| CTOWN Advanced Material Co.,Ltd.
Model: Crown BO-L3, Material:
PET(air side)(White)/adhesive/PO(Cell
side) (white),
Thickness: 165/10/185.total 360um.
Color: White
Encapsulation material front Side ...........cccoevve. E[‘dejiang Sinopont Technology Co.,
Type: PO8110 (close to glass). Material:
POE. Thickness: 0.50mm.
Encapsulation material back side...........cccoevvu. E[‘dejiang Sinopont Technology Co.,
Type: 7100 (close to backsheet).Material:
EVA. Thickness: 0.50mm.
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Frame parts .......cocccieiiiiiiee e

Risen (Ningbo) New Material Co.,Ltd.
Anodized aluminum alloy, type:
6005 T6 assembled by key corners.

Thickness: 30mm

MOUNEING PATS ....eeeiiiiiieiiiiie e

N/A

Adhesive for frame ........coeeiiiiiiiiee e

Hangzhou Zhijiang Silicone Chemicals
CO., LTD.

Type: JS-606
Edge sealing.........cccccvvevveeeeviiicieeeeeee e veiiiiieeeeeee . | NIA
Internal Wiring ........cccccvceeeeeeinvciiieeeee e vssiciineeeneen . | NFA

Cell CONNECION.....ciieeeiiiie e

Risen (Ningbo) New Material Co.,Ltd.
Base Cu (TU1),Purity=99.97%.Coating:

Sn60Pb40.Cross section:® 0.25 mm
Singleside coating thickness:17 ym

SHNG CONNECTON .ot

Risen (Ningbho) New Material Co.,Ltd.
Base Cu (TU1).Purity 299.97%. Coating:
Sn60Pb40.Cross section: 4 x 0.25mm / 4
x 0.40 mm.

Average tin layer thickness on the
welding surface: 23 ym

Soldering material............cocceevviieeiiieennieeeene s | NIA
FIUXING A0ENT .....eoiiiiiiiieiiiee e ASAHI SOLDER
Type: SF105

JUNCHON DOX.ueiiiieeeeie e

Zhejiang Twinsel Electronic
Technology Co.,Ltd.

Type: PV-SY017, DC 1500 V, 20 A, IP
68, -40 °C to 85 °C

Zhejiang Twinsel Electronic
Technology Co.,Ltd.

Type:62930 IEC131 1x4mm2, DC1500V,
-40 °C to 90 °C (Type: H1Z272-K,
1x4mm2, DC 1500V, -40 °C to 90 °C)

(070 ] o] g1=T o (o] SRS

Zhejiang Twinsel Electronic
Technology Co.,Ltd.
Type PV-SY02, DC 1500 V,30 A, IP 68,

-40 °C to 85 °C.

Bypass diode ........cccuuveiiiiiiiii e

Zhejiang Twinsel Electronic
Technology Co.,Ltd.

Schottky, Type: SBRB3050TS,
Max. peak reverse voltage 50 V,
Forward Rectified current 30 A.

Max junction temperature 200 °C(t< 1 h)

Potting material..........cccccveei i

Hangzhou Zhijiang Silicone Chemicals
CO., LTD.

Type: JS-1184
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Adhesive for junction box ........ccccciiiiiiiiini

Hangzhou Zhijiang Silicone Chemicals
CO., LTD.

Type: JS-606

Additional material (e. g. fixing tape, insulation

Fixing tape: Huizhou Zhikuan
Technology Co.,Ltd.

Special acrylic adhesive, PET substrate,
Type:HZ UV-100

Label:

Seaprinting Changzhou CO., LTD.
Type: Seaprinting-TC-04, Asian Silver
PET (AVERY 50 micron Matte silver PET
TC/S333BG50#WH imp)

Al15 MODULE DESIGN - MINIMUM DISTANCES
Between cells.........ccoeeeviiiiiiiiiiiiiiiiieeevieeeeeeneeen s [ 1.08 mm
Between cell and accessible surfaces................... [10.4 mm
Between any current carrying part and accessible |10.4 mm
SUIMTACES ettt e e e e e e e
Al.6 MODULE DESIGN - ELECTRICAL CONFIGURATION
Total number of CEllS ....cvvveieceeeeceeeeeeeeeeeeeen . | Q) 144
b) 120
c) 108
Serial-parallel connection of cells...........c.c...c........ @) 7212
b) 60/2
c) 54/2
Cells per bypass diode ........c.ccococevvvveeceeersan. s | @) 48/48/48
b) 40/40/40
c) 36/36/36
NoO. of bypass diodeS ........c.ccccerverereieeeeceeeeenn. . |a) 3 diodes
b) 3 diodes
c¢) 3 diodes
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Annex 2: Test table for verifying other alternative stabilization procedure
Step 1: Alternative stabilization
Test Date (YYYY-MM-DD) start/end: —
Test method description: —
Sample Sample Sample —
Power before alternative stabilization (W) —
Power after alternative stabilization (W) —
Supplementary information:
Step 2: Light exposure
[ Simulator [ Natural sunlight
Abbreviation: Regarding light source “S” for Solar simulator and “N” for Natural sunlight
Sample Test Date (YYYY-MM-DD) start/end...........cccccevvvvveeicnnnnnn. :
Test cycle | Light source :Prt:c%;a;itgg Irradiar;ce ten“f;e(jrlejilire Sesenge aTTr?Xe(\eArll{j PTaSa:e:;f) S
(KWh/m?) (W/m?2) C) load of cycle (%) (Yes/No)
Initial — — — — — — —
1 — —
2
Supplementary information:
Sample Test Date (YYYY-MM-DD) start/end............cc.ccvernne :
Test cycle | Light source :Prt;%ggg Irradiar;ce terw:éjrglire Regkuve aTTﬁta(g)d PTT;a:e::;n) Sl
(KWh/m?) (W/m2) C) load of cycle (%) (Yes/No)
Initial — — — — — — —
1 — —
2
Supplementary information:
Sample Test Date (YYYY-MM-DD) start/end...........c.ccceevennene. :
Test cycle | Light source :?rt:c?i;a:itoeg Irr(s\(lj/ira‘:]r;;e ter&ﬂp?:rgtire Relzi:(tjive aFt)T;Xe(\eAr?d Pr/néll;ave:;n;) ($ égﬁ\lli)
(kWh/m?) (°C) of cycle (%)
Initial — — — — — — —
1 — —
2
Supplementary information:
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ID: 154095 Revision: 1 - released Effective:2021-06-01 Page 68 of 74
®

TV



Page 69 of 74 Report No. 704062300251-00 part 1 of 2

IEC 61215-2

Clause Requirement + Test Result - Remark Verdict

Step 3: Stabilization determination

Sample Sample Sample Result

Stable power Pmax1 after alternative stabilization (W)

Stable power Pmax2 after light exposure (W)

Power change Pmaxz t0 Pmax1 (%)

Allowed power change Pmax2 t0 Pmax1 (%)

Is alternative stabilization method valid? (Yes/No)

Supplementary information:

Test Report IEC61215:2021
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nnex 3: Lower and higher output power modules
TABLE A.4.1 Performance at STC before initial stabilization (Front side) P
Test Date [YYYY-MM-DD].......ccccoevvruvenen. : |2023-01-18 _
Testmethod........cccevvciiiiiiiiiis : Simulator U Natural sunlight —
Sample # Isc [A] Voc [V] Imp [A] Vmp [V] Pmax [W] FF [%)] Result
HA2023TL-
0093-020X 14.624 51.434 14.034 43.027 603.840 80.28 P
HA2023TL-
0093-021X 14.673 51.400 14.077 42.978 605.020 80.22 P
HA2023TL-
0093-022X 14.284 51.182 13.671 42.962 587.326 80.34 P
HA2023TL-
0093-023X 14.295 51.193 13.637 43.018 586.643 80.16 P
HA2023TL-
0093-028X 13.849 51.165 12.917 42.917 554.354 78.23 P
HA2023TL-
0093-029X 13.772 51.120 12.955 42.704 553.236 78.58 P
HA2023TL-
0093-030X 14.222 52.436 13.269 44,128 585.516 78.52 P
HA2023TL-
0093-031X 14.236 52.508 13.321 43.995 586.078 78.40 =

Supplementary information: The limit value is calculated through considering the tolerance of rated label
values and lab measurement uncertainty.

TABLE A.4.4: MQT 19.1 ini: Initial Stabilization procedure P

Light exposure method Simulator [ Natural sunlight

Abbreviation: Regarding light source “S” for Solar simulator and “N” for Natural sunlight

Stabilization criterion x per IEC 61215-1-x..: |1

Sample # HA2023TL- |Test Date (YYYY-MM-DD) start/end.........: 2023-01-28/2023-02-06
0093-020X
Integrated . Module _ Pmax (W) at
Test cycle max — Pmin
y irradiation Irr(e\t/j;x;:e temperature Reizlsgve the end of PPa P(%))/ (féi?nlﬁ)
(kWh/m?2) (°C) cycle average
Initial — — — — 603.840 — —
1 5 800-1000 50410 3.1 605.369 — —
2 5 800-1000 50410 3.1 606.915 0.51 Yes
Sample # HA2023TL- |Test Date (YYYY-MM-DD) start/end.........: 2023-01-28/2023-02-06
0093-021X
Test Report IEC61215:2021
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Integrated . Module - Pmax (W) at A
Testcycle | irradiation I"(?/s/'%g‘;e temperature Relzlzgve the end of PI:Ta" - P'("(;o))/ (\ii?llﬁ))
(kKWh/m2) (°C) cycle average
Initial — — — — 605.020 — —
1 5 800-1000 5010 3.1 606.638 — —
2 5 800-1000 50x10 3.1 607.451 0.40 Yes
Sample # | HA2023TL- | Test Date (YYYY-MM-DD) start/end : 1. o
0093-022X 2023-01-28/2023-02-06
Integrated : Module _ Pmax (W) at _
Test cycle | irradiation |rr(z\a/:/j/|g]r;§e temperature Relzlasgve the end of PFr)’Oax - Pr(n(;))/ : ?et?;tm% |
(KWh/m2) C) cycle average {0
Initial — — — — 587.326 — —
1 5 800-1000 50%10 3.1 588.624 — —
2 5 800-1000 50%10 3.1 589.776 0.42 YES
Sample # | HA2023TL-
0093-023X Test Date (YYYY-MM-DD) start/end 2023-01-28/2023-02-06
Integrated . Module - Pmax (W) at _
Test cycle | irradiation '"(3\‘,’,';’13’6 temperature Rﬁzssve the end of Plg‘a" - Pr(ﬂ(;))/ ( 2«’;\2{% )
(KWh/m2) (°C) cycle g
Initial — — — — 586.643 — —
1 5 800-1000 50£10 3.2 587.380 — —
2 5 800-1000 50£10 3.1 590.028 0.58 YES
Sample # | HA2023TL- | Test Date (YYYY-MM-DD) start/end :
0093-028X 2023-01-28/2023-02-06
Integrated : Module - Pmax (W) at _
Test cycle | irradiation Irr(s\(;l/ﬁg;e temperature Reliljgve the end of PFTaX - Pr(n(;))/ ( 5;221]% )
(KWh/m2) (°C) cycle aEEnE
Initial — — — — 554.354 — —
1 5 800-1000 50%10 MPPT 555.587 — —
2 5 800-1000 50£10 MPPT 556.442 0.38 YES
Sample # | HA2023TL- | Test Date (YYYY-MM-DD) start/end 1. Mo
0093-029% 2023-01-28/2023-02-06
Integrated : Module _— Pmax (W) at ,
Test cycle | irradiation Irr(f\a/\c/i/l;a:]l;;:e temperature Relzljgve the end of Plg‘ax - P?(;/n))/ ( féimeo )
(KWh/m2) C) cycle average 70
Initial — — — — 553.236 — —
1 5 800-1000 50%10 MPPT 554.485 — —
2 5 800-1000 50%10 MPPT 555.471 0.40 YES
Test Report IEC61215:2021
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Sample # | HA2023TL- | Test Date (YYYY-MM-DD) start/end 2023-01-28/2023-02-06
0093-30X
Test cycle Ii?rtaegiggg Irradiance ter&ﬂsggﬁjre Resistive Ft’ﬁgxéx\é);t Pmax — Pmin) / | Stable
(KWh/m?) (W/m?2) “0) load Bycle Paverage (%) | (Yes/No)
Initial — — — — 585.516 — —
1 5 800-1000 50+10 MPPT 586.195 — —
2 5 800-1000 50+10 MPPT 588.126 0.44 YES
Sample # 'gggg_%g';(' Test Date (YYYY-MM-DD) start/end 2023-01-28/2023-02-06
Test cycle Ii?rt:giggg Irradiar;ce tex:edrl;\lﬁjre Resistive Tﬁneaxe(r\:\é);t Pmax — Pmin) / | Stable
(KWh/m?) (W/m2) 0 load eycle Paverage (%) | (Yes/No)
Initial — — — — 586.078 — —
1 5 800-1000 50+10 MPPT 586.663 — —
2 5 800-1000 50+10 MPPT 589.026 0.50 YES
Supplementary information:
1 Other stabilization procedures
Sample # |Test Date (YYYY-MM-DD) start/end ..............:
Low 1
Low 2
High 1
High 2
Test method description:
Supplementary information: see Annex 3 for verification of this alternative stabilization procedure
TABLE A.4.7: MQT 6.1 Performance at STC after initial stabilization (Front side) P
Test Date [YYYY-MM-DD].......cccccvvreennen. © |2023-02-06 —
Lower end power class |[Higher end power class —
Pmax(1ab) (W) oo : |=608.239 |=2547.985 |(=_ 586.106, —
P (LAD) (W) oo, 2 _ 564.933, 2__ 604.233, —
Pmax4(1a) (W) oo : 580 —
Voc(lab) (V) v, N - 52.172 < 53.765, —
ISC (Iab) (A) oo N - 14.685 < 15.144, —
Testmethod ... Simulator I Natural sunlight =
Sample # Isc [A] Voc [V] Imp [A] Vmp [V] Pmax [W] FF [%0] Result
Test Report IEC61215:2021
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oo | 14664 | 51471 14.097 43052 | 606.915 80.41 P
'3392??_%%&' 14.693 | 51.442 14.114 43.039 607.451 80.37 P
'3392??_2022;' 14.325 51.159 13.718 42.992 589.776 80.47 P
ool | 14347 | 51250 13.726 42987 | 590.028 80.24 P

Supplementary information: The limit value is calculated through considering the tolerance of rated label values

and lab measurement uncertainty.

TABLE A.4.7: MQT 6.1 Performance at STC after initial stabilization (Front side) P
Test Date [YYYY-MM-DD].......cccccvvrvrnen. : |2023-02-06 —
Lower end power class |Higher end power class —
Pmax(lab) (W) .cccoovvevieieeceece e . |<£587.265 |=528.925 |=_ 562.280 —
RN 0 77173 W) N > _ 545283, > 579.670, —
Pmax4(la) (W) ..ccooveevieieeeeeeee e : |560 —
Voc(lab) (V) e, N 52.273 < 53.683, =
ISC (Iab) (A) oo N 14.103 < 14.522 —
Testmethod ..o Simulator L] Natural sunlight —
Sample # Isc [A] Voc [V] Imp [A] Vmp [V] Pmax [W] FF [%] Result
HA2023TL-
0093-028X 13.855 51.196 12.982 42.863 556.442 78.44 P
HA2023TL-
0093-029X 13.827 51.122 13.029 42.633 555.471 78.59 P
HA2023TL-
0093-030X 14.181 52.453 13.372 43.981 588.126 79.06 P
HA2023TL-
0093-031X 14.214 52.536 13.370 44.057 589.026 78.88 P
Supplementary information: The limit value is calculated through considering the tolerance of rated label
values and lab measurement uncertainty.
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Annex 4: List of measurement equipment

A completed list of used test equipment shall be provided in the Test Reports when a Manufacturer Testing
Laboratory according to CTF stage 1 or CTF stage 2 procedure has been used.

Note: This page may be removed when CTF stage 1 or CTF stage 2 are not used. See also clause 4.8 in OD
2020 for more details.

Clause Measurement / e u-:-e;tg;]% //nr::f:?;;rlied Range used Last Calibration | Calibration
testing quip : ’ 9 date due date
(Equipment ID)
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